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Background 
Society is facing an enormous increase in the number of older adults. In addition, 
people become older than ever before which means that the age category of the 'oldest 
old' is also expanding.1 Ageing is accompanied by many challenges related to health, 
physical, psychological and social functioning. Seventy-nine percent of the older adults 
in the Netherlands aged 75 years or over is living with one chronic condition, and 49% 
with multiple chronic conditions including diabetes, heart failure or arthritis.2  
The physiological reserve capacity decreases during the ageing process as a result of 
the accumulation of molecular and cellular damage throughout life. In combination 
with lifestyle factors, mainly physical inactivity, the reduced physiological reserve can 
lead to frailty (figure 1)3 which refers to an increased vulnerability for adverse health 
outcomes.  
 
Frailty  
The prevalence of frailty found in the population of older adults in Westerns societies 
varies greatly according to the operational definitions used to measure frailty. 
Percentages between 4 and 59 have been reported in community dwelling older adults 
in international studies.4 Twenty-five percent of the community-dwelling older adults 
(≥65 years) in the Netherlands are assumed to be frail. Among the older adults living in 
a residential care facility this percentage is 75%. The total number of frail older adults 
in the Netherlands was estimated to be between 600.000 and 700.000 in 2008 and is 
likely to grow along with the increasing population of older adults.5 Because frailty is 
positively associated with health care utilization, an increasing number of frail older 
adults also implies an increase in health care costs.  
The exact mechanisms that underlie the development of frailty are still unclear. In 
figure 1, the potential pathophysiological process associated with frailty is laid out. 
During ageing, the reserve capacity reduces in many physiological systems. Because of 
a redundancy in most physiological systems, the reduction of the physiological reserve 
does not necessarily lead directly to diseases or impairments in functioning. In 
combination with physical inactivity and nutritional factors, however, reduced 
physiological reserve can lead to frailty which increases the risk of many adverse health 
outcomes (figure 1).3  
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Figure 1: Pathophysiological mechanism of frailty. From Clegg et al. 20133 reprinted with 
permission 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Consensus on a theoretical or operational definition of frailty is still lacking.6 In 
general, frailty can be considered a state of increased vulnerability to adverse health 
outcome such as falling, delirium and disability and, as a consequence, increased care 
needs, hospital admission, long term care admission and mortality.3,7 In frail older 
adults, adverse health outcomes can be the result of even minor events or stressors 
because of the decreased physiological reserve and diminished resistance to stressors.3  
Multiple theoretical models on frailty have emerged in the last decades. In general, 
there are two ways to consider frailty: 1) Frailty as a syndrome,8 and 2) Frailty as 
accumulation of deficits.9 Both models have been extensively validated.8,10-13 The 
syndrome approach (figure 2) considers frailty as a biological syndrome that can be 
established based on the presence or absence of five variables: physical inactivity, 
fatigue/reduced endurance, (unintentional) weight loss, muscle weakness and 
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slowness. A person is considered frail when three out of five criteria are fulfilled and 
'pre-frail' when that person scores positive on two out of five criteria. This so-called 
frailty phenotype assumes that these five variables are part of a cycle explaining the 
physiological pathway associated with frailty.8 Disability and co morbidity are thought 
to be associated with, but not an integral part of frailty.10  
 
Figure 2: Frailty 'phenotype'. From Fried et al., 20018 reprinted with permission 
 
 
 
 
 
The elements in this figure are hypothesized to be the core clinical presentations of frailty. The figure is 
presented as a vicious cycle of frailty associated with declining physiological reserve capacity. Based on 
literature and consensus five clinical 'symptoms' were chosen based on which the syndrome of frailty 
could be identified: inactivity, chronic under-nutrition, reduction of strength and power, reduced 
VO2max and reduced walking speed.  
 
The deficit accumulation approach, as opposed to the frailty phenotype, does not 
consider frailty to be caused by one specific physiological pathway. Frailty is 
hypothesized to be the result of the accumulation of deficits: the more deficits, the 
more frail.9 A deficit is an age associated symptom or (adverse) outcome. Deficits can 
vary from laboratory values to disabilities and diseases.14 The cumulative effect of 
individual deficits leads to reduced resistance to stressors and physiologic reserve, and 
therefore to frailty.9,14-16 Another distinctive characteristic of the deficit accumulation 
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variables are thought to contribute to frailty.14 Recent evidence indicates that 
psychological and social factors directly and indirectly influence some of the 
physiological markers that are associated with frailty. In fact, physical, psychological 
and social factors are thought to interact positively or negatively with each other in the 
development of frailty.17,18 For example, evidence indicates that psychosocial 
conditions such as depression, stress and loneliness directly stimulate pro-inflammatory 
cytokines such as interleukin-6.19,20 Different studies have indicated that there is an 
increased inflammatory response to stimuli in frail older adults and that this response 
persists for a longer period of time. As a consequence of an inflammatory process there 
is increased catabolic activity in skeletal muscle and adipose tissue. This may lead to 
muscle weakness and weight loss.3,21,22 Indirectly, psychological and social factors 
might influence physiological processes through physical (in) activity.  
A final aspect of frailty that should be mentioned is the fact that frailty is thought to 
be modifiable over time. Research has shown that frailty is not a stable trait, but 
merely a state that is subject to change. Changes in frailty state can occur abruptly or 
progressively. Both changes toward increased and decreased frailty have been 
described.23, 24 Interventions (mainly exercise and nutritional interventions) are thought 
to have a positive influence on many (multi-dimensional) factors associated with 
frailty, possibly leading to a decrease in frailty state.3  
 
Physical activity 
The impact of frailty on multiple aspects of life urges to explore, study and implement 
effective and efficient interventions to prevent and reduce frailty. Even though 
physical activity and exercise are thought to be the most important interventions to 
modify frailty, evidence from randomized controlled trials (RCTs) to support this 
hypothesis is still lacking.25 We do know from longitudinal studies that a high level of 
physical activity is associated with a lower level of frailty.26,27 Moreover, RCTs have 
shown that physical activity not only influences the physical factors associated with 
frailty positively,28,29 but also social and psychological factors, for example 
depression.30 The hypothesis is that the ability to be physically active despite mobility 
problems enables older adults to be more socially active (i.e. able to go outdoors and 
meet other people, perform hobbies etc.) which also has a positive influence on mood. 
The effect of physical activity or exercise on the total level of frailty as determined by 
the combination of different factors in multiple dimensions (physical, psychological and 
social), is, at this point, not known.31 One of the reasons for this gap in evidence is that 
measuring frailty has turned out to be problematic because of the lack of consensus on 
a definition.32  
Becoming or staying physically active is a great challenge for people in all age groups, 
but especially for older adults. Besides issues associated with time and transportation, 
1 
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older adults also have to deal with physical constraints to become physically active, for 
example problems in mobility, muscle strength, balance and endurance.33  
Problems in mobility can be defined as problems with walking independently. Mobility 
limitations are very common in older adults and highly predictive of disability 
progression.34 Mobility limitations have also been found to be associated with a reduced 
quality of life and increased frailty.34,35 Moreover, adequate mobility is essential for the 
ability to stay or become physically active.33  
In addition, many psychological and social barriers for becoming physically active have 
been identified. For example; fear of falling, fear of injury, low self-efficacy and lack 
of social support have been described as important barriers.33 Interventions aiming to 
improve physical activity need to consider these barriers for becoming physically active 
and make positive use of (intrinsic or extrinsic) motivation for a lifestyle change.33  
 
Physical therapy in geriatrics 
Physical therapists are well equipped to treat older adults with mobility problems and 
to guide them to stay or become (more) physically active. Because of the importance of 
physical factors like muscle strength, walking speed, endurance and physical activity in 
frailty, physical therapists should be part of the multidisciplinary team that, in 
collaboration, offers the best possible care for frail older adults with complex health 
problems. Current scientific evidence and (physical therapy) guidelines have limited 
applicability in the population of older adults with multiple and complex problems36 
and the interrelatedness between the problems in different domains (physical, 
psychological and social) warrants a multidisciplinary approach. The professional profile 
of the physical therapist specialized in geriatrics as defined by the Dutch Association of 
Physical Therapy in Geriatrics (NVFG) indicates that the physical therapist specialized 
in geriatrics should collaborate with other professions such as general practitioners, 
nurses, dieticians, geriatricians, occupational therapists and others.37 In addition, 
physical therapists in geriatrics should also have the following competences; 
1. sufficient knowledge on for example ageing, frailty, pharmacology, ethics, sociology 
etc. 2. the therapeutic skills to adequately diagnose and prioritize problems based on 
which optimal treatment can be given 3. adequate communication skills; 3. skills to 
interpret scientific evidence and translate this to daily physical therapy practice.37 
Additional education is needed to fulfill these criteria. In the Netherlands, physical 
therapists specialized in geriatrics completed an additional 4-year education at master 
level in which the abovementioned competencies are leading. Because the number of 
(frail) older adults has increased and will continue to grow in the next decades,5 the 
need for these highly qualified specialized physical therapists will increase.  
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Aim of this thesis 
The aim of this study was to explore the factors that are important in the physical 
therapy treatment of frail older adults with mobility problems and to develop and 
evaluate a treatment strategy. In addition, we aimed at developing an outcome 
instrument to measure frailty because such an instrument was not available. This study 
was designed using the Medical Research Council (MRC) framework for complex 
interventions.38,39 The MRC framework advises to design, study and implement complex 
interventions in five phases in which increasing evidence is accumulated. The first 
phase (theoretical phase) aims to explore the study population and possible 
interventions by reviewing the literature and consulting experts in the field. Based on 
the information gathered during this phase, the second phase of the MRC framework 
(modeling phase) consists of the development of the intervention. The third phase 
(explorative study) includes a qualitative pilot study to explore acceptability and 
feasibility of the developed intervention form professional- as well as patient 
perspective. Also, a pilot study offers a great opportunity to test possible outcome 
measures and give an indication about the potential effectiveness based on which 
power calculations for a larger trial can be performed. The qualitative results of the 
pilot study enable fine-tuning of the developed intervention and ensure applicability of 
the intervention in a RCT, which is the fourth phase of the MRC framework. In the RCT, 
the newly developed intervention is being compared to a usual care intervention 
control group. 
The final phase of the MRC framework involves the implementation phase in which the 
barriers and possibilities considering long term implementation of the developed 
intervention are studied. Long term implementation is not part of the study presented 
in this thesis.  
 
The Coach2Move Strategy 
The developed intervention, called the Coach2Move strategy, is a patient-centered and 
stratified physical therapy intervention based on the clinical reasoning framework 
HOAC-II (Hypothesis Oriented Algorithm for Clinicians, second edition).40,41 The primary 
aim of this strategy is to increase physical activity and therefore, reduce frailty and 
healthcare costs. The Coach2Move strategy is developed for the population of frail 
older adults with mobility problems. In box 1 and 2, two patient cases are described 
who actually participated in the RCT: Mrs. F was treated according to the Coach2Move 
strategy and Mrs. V received usual care physical therapy. The boxes describe the 
patient specific situation as registered by their physical therapists. These cases give an 
indication of the specific challenges that need to be addressed in physical therapy in 
frail older adults. In addition the description of these cases may already reveal some of 
the differences between the Coach2Move strategy and usual care physical therapy. As 
can be seen in the first case not only the diagnosis and signs and symptoms are 
1 
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explored in the anamnesis but also preferences, goals, and environmental facilitators 
and barriers. At the end of this thesis, these cases will be further discussed in order to 
demonstrate the contrast between the Coach2Move strategy and usual care physical 
therapy.  
 
Box 1. Mrs. F – Coach2Move 
 
Referral 
Mrs. F is 75 year old and is referred to physical therapy by her general practitioner after a fall incident. 
The fall incident caused major pain in the left knee, hip and pelvis, during activity as well as rest. No 
advanced diagnostics had been performed.  
 
Intake physical therapist 
At the time of the first physical therapy session, the fall incident was two weeks ago and Mrs. F was still 
unable to walk for more than 5 meters with or without a walking aid. Performing activities of daily living 
independently was very difficult and Mrs. F was at risk of losing her independence. The physical 
therapist started the intake with taking an extensive history based on motivational interviewing 
techniques. This conversation led to a good insight into the patient specific problems, possibilities and 
preferences. Mrs. F indicated that the problems in mobility had made her feel depressed because she is 
not able to do the things she wants most: help and support her friend as an informal caregiver, be a 
mother and grandmother and participate in social activities in the community center nearby. Mrs. F used 
to take care of her husband who was chronically ill for 20 years. Mr. F died 3 years ago. Even though 
Mrs. F misses her husband, she enjoys being able to do activities for herself and being more socially 
involved. Mrs. F indicates that, at this moment, she has fear of being active. She is afraid that being 
physically active will lead to more pain and disabilities. The fall incident was an accident that happened 
while Mrs. F was helping her friend as an informal caregiver. There is no indication to assume an 
impairment in balance. The physical therapist performed a number of performance tests and 
questionnaires, which showed low walking distance and walking speed, minimal daily physical activity 
and substantial pain. Observation of walking pattern was difficult because Mrs. F was hardly able to 
stand on her left leg because of pain. In addition she showed some signs of instability in the left knee. 
Basic functional investigation of the lower back, hips, pelvis and knees mainly showed local pain and 
instability of the medial collateral ligament of the knee and pain at the greater trochanter.  
 
Box 2. Mrs. V – Usual Care physical therapy 
 
Referral 
Mrs. V is 83 years old and fell while riding a bicycle 2 weeks ago. She suffers from pain in her lower back 
and pelvis. No advanced diagnostic assessments had been conducted. 
 
Intake physical therapist 
The physical therapist asked about the problems that the patient encountered in daily life. The patient 
indicated that pain is the main problem, which caused difficulty in walking and doing household chores. 
A basic functional investigation was done to judge the patients’ flexibility in the lower back and hips, 
which were concluded to be impaired. 
 
Outline of this thesis 
According to the phases of the MRC framework, this study consisted of a number of 
steps, described in the different chapters of this thesis.  
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Chapter 2 describes a systematic literature review on outcome instruments to measure 
frailty. The reason for performing this study was to gain insight in the concept of 
frailty. Also, in order to evaluate the intervention to be developed during the RCT 
phase, an outcome instrument with adequate clinimetric properties is needed. This 
systematic review provides an overview of frailty measurement instruments, the 
aspects of frailty that they consider and their clinimetric properties. One of the main 
conclusions of this study was that none of the identified frailty instruments were 
designed as outcome instruments. Therefore we decided to develop an outcome 
instrument to measure frailty based on an existing methodology and using expert 
consultation to gain consensus. The instrument, the Evaluative Frailty Index for 
Physical activity (EFIP), was subsequently tested on reliability and validity in a small 
sample of older adults. The process of developing and studying the EFIP on reliability 
and validity is described in chapter 3. A second systematic literature review and meta-
analysis is described in chapter 4. The evidence considering the effect of exercise in a 
population of older adults suffering from mobility problems and/ or multi morbidity is 
reviewed and summarized using a meta-analytic approach. Chapter 5 is dedicated to 
the development of the Coach2Move strategy. The abovementioned literature studies 
are combined with expert consultations in order to design both an evidence-based and 
feasible and acceptable intervention. The second part of this chapter describes the 
pilot study that was performed in 12 patients by two physical therapists. The aim of 
this pilot study was to evaluate the acceptability of the Coach2Move strategy for both 
physical therapists and patients and to study potential effectiveness. The results of this 
pilot study were used to design a larger RCT to study both effectiveness and cost-
effectiveness of the Coach2Move strategy compared to usual care physical therapy in 
13 physical therapy practices in the Netherlands. The design of this RCT is described in 
Chapter 6. The results of this RCT on both effectiveness and cost-effectiveness are 
described in Chapter 7. Physical activity, frailty, mobility and quality of life are 
evaluated in order to study effectiveness. Costs made in primary care, hospital care, 
outpatient care and on analgetics and assistive devices are considered. This chapter 
shows the great potential of patient-centered care in physical therapy. Finally, 
Chapter 8 discusses the interpretation and clinical relevance of the main findings of 
this study and a summary is given in Chapter 9. 
 
1 
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Abstract 
Frailty is one of the greatest challenges for healthcare professionals. The level of 
frailty depends on several interrelated factors and can change over time while 
different interventions seem to be able to influence the level of frailty. Therefore, an 
outcome instrument to measure frailty with sound clinimetric properties is needed. A 
systematic review on evaluative measures of frailty was performed in the databases 
PubMed, EMBASE, Cinahl and Cochrane. The results show numerous instruments that 
measure the level of frailty. This article gives a clear overview of the content of these 
frailty instruments and describes their clinimetric properties. Frailty instruments, 
however, are often developed as prognostic instruments and have also been validated 
as such. The clinimetric properties of these instruments as evaluative outcome 
measures are unclear. 
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Introduction 
Frailty is one of the greatest challenges for healthcare professionals in societies faced 
with ageing populations.1 It is associated with adverse health outcome, dependency, 
institutionalization and mortality.2,3 Since the population of (frail) elderly is still 
growing and health care utilization among this population is increasing, prevention of 
frailty or maintenance/reduction of the level of frailty should have priority among 
geriatric health care professionals. While frailty is known to be changeable over time4,5 
it is, at this point, still unclear to what extent the level of frailty can be influenced by 
interventions. Therefore, an evaluative outcome instrument to measure frailty with 
sound clinimetric properties is needed.6 The aim of this systematic review is to find the 
best available frailty instrument that could be used as an evaluative outcome measure 
in clinical situations and observational and experimental studies.  
The causes of frailty are not fully understood. A pathophysiological pathway that shows 
similarities with, but is not identical to the ageing process, is suggested. A chronic 
inflammation process, impaired immunity, neuroendocrine dysregulations and 
metabolic alterations seem to be related to frailty but true comprehension of the 
involved pathway is still lacking.7 Even though the underlying mechanism of frailty is 
not fully understood, frailty is, since early publications, considered to be a physiologic 
loss of reserve capacity and resistance to stressors.2,8 As a result, environmental factors 
have more influence on the decline of wellbeing.9 A remarkable finding in frailty is that 
not all frail elderly experience the same symptoms and that frailty can be present in 
the absence of specific diseases, but more likely in combination with or as a 
consequence of co-morbidity.3,7 This means that frailty is not identical to co-morbidity. 
Because of similarities and inter relationships between the biological pathways of 
frailty, ageing and age related chronic disease, a definitive differentiation between 
these pathways is difficult to make.7 Such an interacting process also applies to 
disability, one of the main consequences of frailty. Frail elderly with the same number 
of co-morbidities can suffer from very different levels of disability.3 The reason for this 
is that disability is also influenced by other than biological or physiological factors, for 
example personal characteristics including psychological state, emotional state and 
coping style. There is also an interaction with the physical and social environment, 
which can stimulate or hinder participation in activities.  
Therefore, in the last few years, frailty is acknowledged to be not only a biological or 
physiological state, but also a multidimensional concept.10 There are multiple 
interrelated (risk) factors with great variety that can disrupt the physiological 
equilibrium of elderly. A complicating factor in understanding and defining frailty is 
that some (risk) factors that are involved in frailty can primary be seen as causes of the 
physiological process while other factors are merely consequences of the disturbed 
equilibrium which, however, also indirectly have an influence on the state of the 
physiological system.7 This is obvious in the extent of disability: frailty causes 
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disability, but when activity increases and disability decreases this slows down the 
frailty process.6 This means that there seems to be a dynamic system in which 
interrelated causes and consequences remain to be clarified.  
Most authors consider examining risk factors associated with frailty, as an important 
item in prevention and curative care. However, the used definitions of frailty differ 
subtly and also the conceptualization of the multiple domains (Strawbridge, Rockwood, 
Fried, Jones, Mitnitski etc.). Recently, an integral conceptual model of frailty was 
presented that reflects current thinking on frailty and is based on the following 
definition of frailty: 'Frailty is a dynamic state affecting an individual who experiences 
losses in one or more domains of human functioning (physical, psychological, and 
social), which is caused by the influence of a range of variables and which increases the 
risk of adverse outcomes'.11, page 85 Because this definition reflects the changeability of 
frailty over time and emphasizes that the interacting factors in the physical, 
psychological and social domain are part of a complex dynamic system, we take this 
definition as a starting point.  
Within each of the physical, psychological and social dimension various (risk) factors or 
determinants for frailty exist. The complex interaction between these factors 
determines and influences the level of frailty. The total level of frailty is therefore not 
equivalent to the sum of its components. The actual level (the state at a certain point 
of time) of frailty can be positioned on a continuum between frail and not frail.12 But 
this level of frailty can change over time in either direction, meaning that one can 
become more or less frail. Evidence suggests that there are opportunities to influence 
the level of frailty positively by means of interventions like hormone replacement, 
nutrition or physical activity.4,6,13,14 To explore the extent to which interventions can 
influence the level of frailty, an evaluative outcome measure on frailty is needed.6 
Such an instrument should incorporate the multiple dimensions of frailty to reflect the 
complex interaction of multiple (risk) factors that, in this interaction, attributes to the 
total level of frailty and should be able to distinguish multiple levels of frailty and 
therefore be able to measure change. 
Based on recent studies12,15-18 and after ample discussion we composed a list of eight 
frailty (risk) factors that are mentioned to be of great importance to the concept of 
frailty. These factors include in the physical dimension: nutritional status, physical 
activity, mobility, strength and energy, in the psychological dimension: cognition and 
mood, and in the social dimension: lack of social contacts and social support.19,20 
Measuring the level of frailty is problematic for several reasons. Multiple theoretical 
and operational definitions have been suggested in the last decade. Numerous 
functional tests, questionnaires and indexes to categorize frailty are available and 
these instruments aim at highly different sub-populations of elderly people.21-23 The 
clinimetric properties of these instruments, such as validity, reliability and agreement, 
responsiveness and interpretability for general elderly populations are unclear. 
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Furthermore, it is not generally known whether these instruments include one or more 
frailty dimensions or a multiple level scoring system to be sensitive enough to measure 
changes over time. 
In conclusion, to use frailty as an outcome in clinical trials, a measurement instrument 
on frailty should be available that is multidimensional and captures the dynamic nature 
of this concept by means of a multiple level scoring system. Also, as applies to any 
measurement instrument, the instrument has to show sound clinimetric properties. The 
aim of this systematic review is to assess frailty instruments on clinimetric properties 
and to search for the best available frailty instrument that can be used as an evaluative 
outcome measure in clinical practice and that is useful in observational and 
experimental studies. 
 
Methods 
Literature search and inclusion 
A broad systematic literature search was performed in the bibliographic databases 
PubMed, EMBASE, Cinahl and Cochrane. We used the following search terms to search 
for measurement instruments: 'questionnaire', 'self-report', 'self-assessment', 'outcome 
measure' and 'outcome assessment' in combination with 'frail elderly'. The search was 
performed for articles published from the start date of the involved database until 
23 February 2010. Potentially relevant articles were identified by reading the abstract 
and if necessary by reading the full text version of the article. Also, references were 
checked on potential relevance. 
We used the following inclusion criteria for the selection of relevant studies: 
• The main purpose of the study was the development of an instrument for the 
assessment of frailty and/or the clinimetric evaluation of such an instrument (e.g. a 
study on the reproducibility, agreement, validity and/or responsiveness of this 
instrument). An instrument was interpreted being a frailty instrument when the 
authors explicitly defined that the instrument intends to measure the level of frailty. 
The theoretical definition used in a study was not considered for inclusion. 
• Studies should explicitly and operationally describe a measurement instrument 
(questionnaire, index, performance measure or a combination of these instrument 
types). 
The first and second author (NdV and JBS) independently selected frailty instruments. 
The included instruments of both raters were compared in a consensus meeting of NdV 
and JBS and agreement on final in- or exclusion was reached by discussion (Figure 1). 
Initial agreement was determined by means of an agreement score.  
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Content of the instruments 
In the next step two assessors (NdV and JBS) assessed the frailty instruments 
independently on their content. In this study we chose to focus on the physical, 
psychological as well as the social domain of frailty to reflect the multidimensionality 
of the concept. Based on earlier publications,12,15,17,18 the factors nutritional status, 
physical activity, mobility, strength, energy (physical domain), cognition, mood 
(psychological domain) and social relations/social support (social domain) were 
selected as essential factors in a frailty instrument. 
 
Figure 1:  Review procedure 
 
 
 
2232 potential studies 
1600 potential studies 
NdeV: 28 potential studies 
20 frailty instruments 
Literature search for studies until 23 February 
2010. Included databases: PubMed, EMBASE, 
Cinahl and Cochrane. Search terms: 
'questionnaire', 'self-report', 'self-assessment', 
'outcome measure' and 'outcome assessment' in 
combination with the 'frail elderly' 
Removing duplicates (N= 632) 
Selecting Frailty Instruments.  
Inclusion criteria: 
- The main purpose of the study was the 
development of a frailty instrument and/ or 
the clinimetric evaluation of a frailty 
instrument (i.e. a study on the 
reproducibility, agreement, validity and/or 
responsiveness of this instrument).  
- Studies should explicitly and operationally 
describe a frailty instrument (questionnaire, 
index, performance measure or a 
combination of these instrument types).  
Consensus meeting on final in- or exclusion
JBS: 17 potential studies 
Agreement: 12 instruments 
8 instruments added by 
discussion 
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It was judged whether the frailty instruments covered these frailty factors. Table 1 
describes the operationalization of the frailty factors used in this study. These 
operationalizations were set by consensus among the research group of this study. It 
was also judged whether the frailty instruments measured frailty on a dichotomous, 
ordinal or continuous scale. The ratings were subsequently compared and both raters 
aimed to reach consensus on eventual disagreements in a consensus meeting. If 
disagreement persisted, a third reviewer (RN) advised on the final rating. An agreement 
score was computed to indicate initial agreement. 
 
Table 1. Operationalization of the frailty factors 
 
Frailty Factor Operationalization
Nutritional status - Body weight 
- Appetite  
- Body Mass Index (BMI) 
Physical activity - Level of physical activity
- Leisure time physical (group) activity  
Mobility - Difficulty or needing help walking/moving in and around the house
- Gait speed 
Energy - Tiredness
- Energy level (for example exhaustion/fatigue)  
Strength - Lifting an object that weighs over 5 kg
- Weakness in arms and/or legs 
- Performing chair stands 
- Climbing stairs 
- Grip strength 
- Calf muscle circumference 
Cognition - Memory problems
- Diagnosed dementia or cognitive impairment  
Mood - Depression/depressed mood
- Sadness 
- Anxiety 
- Nervousness  
Social relations/social support - Social recourses (when help is needed, can someone provide this?)
- Emptiness/missing people around 
 
Clinimetric properties 
Instruments were subsequently scored on an assessment scale for clinimetric 
properties.24 This was also done by the first and second author. The following criteria 
were used: content validity (extent to which the domain of interest is comprehensively 
sampled by the items in the instrument), internal consistency (extent to which items in 
a subscale are intercorrelated), construct validity (extent to which scores relate to 
measures in a manner that is consistent with theoretically derived hypothesis 
concerning the concept that is being measured), agreement (extent to which scores on 
repeated measures are close to each other), reliability (extent to which patients can be 
distinguished from each other), responsiveness (ability of an instrument to detect 
clinically important changes over time), floor and ceiling effects (number of 
respondents who achieved the lowest or highest possible score) and interpretability 
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(degree to which one can assign qualitative meaning to quantitative scores). The 
operationalizations of these items are described in a publication by Terwee et al.24 
 
Results 
Literature search and inclusion 
The literature search resulted in a total number of 2232 hits. In PubMed, 1270 articles 
were found, in EMBASE 464, in Cinahl 256 and 242 in Cochrane. After duplicate 
removal, 1600 articles were left. The first rater (NdV) included 28 studies from the 
database after scanning title and abstract on our predefined inclusion criteria, 17 
articles were included by the second rater (JBS). There was initial agreement on 12 
instruments between both raters. Another 8 instruments were added by discussing the 
full text articles of the remaining included studies. This means that a number of 20 
frailty instruments, that met our predefined criteria, were extracted from literature. 
 
Content of the instruments 
The two raters independently assessed the instruments on content and agreed on 86% 
of the scorings. Disagreement was solved by discussion. Table 2 gives an overview of 
the ratings of these instruments regarding the eight frailty factors and the type of 
scoring scale used. 
With regard to the frailty factors, only one instrument, the Frailty Index,21,25-27 includes 
items on all eight factors. Fourteen instruments (70%) include items on nutritional 
status,2,25,28-39 eight instruments (42%) pay attention to physical activity2,25,29,31,32,34-36,40 
and seventeen instruments (85%) include items on mobility2,25,28-33,36,38-45. Strength is 
represented in eight instruments (40%),2,25,29,32,33,37,44,46 energy level in six instruments 
(30%),2,25,32,33,38,43 cognition in eight instruments (40%)25,30,31,35,37-39,43 mood in seven 
instruments (35%)25,30,32,35,36,39,40 and social relations/social support in six instruments 
(30%).25,30,32,36,38,39 The physical domain is represented in all instruments, the 
psychological domain in 55% of the instruments25,30-32,35-40,43 and the social domain in 
30% of the instruments.25,30,32,36,38,39 Only five instruments include items on all three 
frailty domains. These instruments are: the Frailty Index (FI),25 the Groningen Frailty 
Indicator (GFI),30 the Clinical Global Impression of Change in Physical Frailty (CGIC-
PF),32 the Geriatric Functional Evaluation (GFE)38 and the Frailty Index-Comprehensive 
Geriatric Assessment (FI-CGA).39 
When we consider the type of instrument, table 2 shows that ten instruments (50%) use 
a dichotomous scoring system categorizing into frail and not frail.28,30,32,34-37,41,43-45 Five 
instruments (25%) classify on three levels,2,31,33,38,39 mostly robust, pre-frail and frail. 
The remaining five instruments do not use a cut-off point to classify frailty.25,29,40,42,46 
The scoring range of these instruments is diverse. The FI25 and the instrument defined 
by Carriere29 use a continuous scoring system with range from 0.00 to 1.00.  
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The instrument by Syddal46 scores grip strength on a continuous scale. The Frail Elderly 
Functional Assessment Questionnaire38 ranges on an ordinal scale from 0 to 55 and the 
instrument defined by Ravaglia40 from 0 to 9. It can be noted that in the original 
study,39 the FI-CGA classifies frailty on three levels. In a comparative study between 
the FI-CGA and the FI, however, another scoring system is used for the FI-CGA and a 
classification on seven levels is made.47 Eleven instruments (55%)28,30,34,36-38,41-45 are 
based on self-report, one instrument consists of a performance test46 and 7 instruments 
(35%) combine self-report with performance tests.2,25,29,31,33,35,40 Finally, two 
instruments32,39 use the information from a geriatric assessment by a geriatrician. 
 
Clinimetric properties 
The clinimetric properties of the frailty instruments were studied by using an 
assessment scale for clinimetric properties.24 Both raters agreed on 88% of the ratings 
and the remaining 12% disagreement was dissolved by consensus. From table 3, it is 
obvious that most frailty instruments have not been extensively studied on clinimetric 
properties. Construct validity is mostly studied.  
Studies on construct validity show that a positive score on a frailty index is predictive 
of adverse health outcome, for example disability, institutionalization or mortality. 
Some studies also pay attention to interpretability. In most studies, however, no 
minimal important change (MIC) value is presented or the instrument gives information 
on less than four subgroups. With the exception of the instrument defined by 
Carriere,29 which scores positively on interpretability. With regard to floor- and ceiling 
effects, some studies do present information, but in most cases the design or method is 
doubtful or more than 15% of the respondents achieved the highest or lowest score, 
which implies a negative score. The Frail Elderly Functional Assessment Questionnaire 
(FEFA)42,48 has been tested on reliability and responsiveness in addition to construct 
validity. This instrument also gives a good impression of floor- and ceiling effects. The 
Clinical Global Impression of Change in Physical Frailty (CGIC-PF)32 scores positively on 
both reliability and content validity (table 3). In none of the studies information was 
found on agreement and internal consistency. 
We also found four studies that made a comparison between frailty instruments21,26,33,47 
compared three frailty instruments with each other: Frailty Index, Frailty Phenotype 
and the 1994 Frailty Measure. It was concluded that all instruments identify older 
people at risk of adverse health outcome, but they capture different sub-populations. 
Kiely et al.33 compared the Frailty Phenotype with the Study of Osteoporotic Fractures 
instrument (SOF). The results show that both instruments are predictive of key geriatric 
outcomes and appear to be good measures of frailty. A comparative study47 of the FI-
CGA with the FI showed a high correlation (r = 0.76) between both indexes. The last 
study of Rockwood et al. (2007) compares two frailty indexes (Frailty Phenotype and 
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Frailty Index) with each other. This study concludes that the two indexes correlate 
moderately well with each other (r = 0.65) and show considerable convergence. 
 
Discussion 
This review presents an overview of existing frailty instruments. Based on the results of 
this study we can conclude that many frailty instruments have been developed in 
recent years. We identified twenty instruments in current literature. To the author's 
knowledge this is the first time a systematic overview of all frailty instruments is given. 
This overview is a first step towards more transparency in frailty research and clinical 
practice. We assessed all the frailty instruments on eight factors in three dimensions. A 
better understanding of the content of the numerous frailty instruments can help 
researchers as well as clinicians to make a better funded choice in using a specific 
instrument in a specific situation for specific sub-populations of frail elderly. On top of 
that, comparing the different frailty measures can contribute to the current debates on 
frailty and can provide a better understanding of the way in which different 
researchers and clinicians deal with frailty. This will make it easier to compare studies 
and draw generally accepted and comparable conclusions. 
The aim of our study was to find an instrument that can be used as an evaluative 
outcome measure in both clinical practice and clinical effect studies on frailty. 
Numerous ways to measure frailty have been described in literature. We identified self 
report questionnaires or interviews, performance tests and combinations of both. At 
this point it remains unclear what type of instrument is preferred for frail elderly. Each 
instrument has its' advantages and disadvantages. Dependent on the setting, the aim of 
the measurement, the qualities of the person who administers the instrument and 
available time, a choice can be made for a particular instrument. In a clinical setting, 
for example, a performance test might be easily applicable and also more relevant than 
a self report questionnaire because such a test also informs the clinician about actual 
functioning. A researcher on the other hand might find a self-report questionnaire more 
feasible to administer. The instruments also differ substantially in the way they 
operationalize the frailty factors. For example, some authors use grip strength2 as an 
indicator of muscle strength, while others use peak expiratory flow35 or ability to rise 
from a chair without using the arms.33 Some instruments use a physical performance 
test (for example gait speed) to measure mobility29 and others include only self 
reported mobility problems.44 Because of the differences in frailty instruments it is 
hard to compare the measured outcome of these instruments with each other. The 
dimensions and factors on which the frailty instruments were assessed in this study 
were based on previous studies by Karunananthan et al.15 and Gobbens et al.12. These 
factors reflect current thinking on the concept of frailty. Analyzing the frailty 
instruments on these factors showed that most instruments do not include all 
predefined factors and even not all three dimensions. A substantial part of the 
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instruments only consider physical aspects of frailty. Five instruments pay attention to 
all three domains (i.e. physical, psychological and social domain) and only one 
instrument includes items on all frailty factors. Factors that were addressed in most of 
the instruments were nutritional status and mobility. Social relations/social support, on 
the other hand, was only considered in a few instruments. Also, almost half of the total 
number of instruments does not contain one or more items on psychological factors. 
This finding is remarkable because of the well established relationship between frailty 
and these factors.19 The studied frailty instruments also contained factors that we did 
not include in our predefined criteria, mostly co-morbidity. We did not include co-
morbidity in our analysis because we searched for an instrument that would be able to 
evaluate interventions. Therefore, we focused on the factors from which we know that 
they are changeable by interventions. A lot of co-morbidities are not or minimally 
changeable by any sort of intervention and are mostly stable over time, for instance 
Cerebral Vascular Incident or Osteoporosis. This makes it less appropriate to include 
items on co-morbidity in an evaluative outcome measure. However we acknowledge 
that the presence of co-morbidities influences the level of frailty after an intervention 
and, therefore, has to be taken into account. Moreover, some interventions have an 
influence on co-morbidity too. Lifestyle interventions can, for example, influence 
hypertension.49 Therefore co-morbidity can be included in a frailty instrument, but the 
value of items on co-morbidity in an evaluative outcome measure on frailty is, as 
opposed to using these instruments for screening purposes, still questionable and has to 
be studied. 
Most instruments identified in this study use a dichotomous scoring system. A person is 
classified as either frail or not frail. In order to be used as an outcome measure that 
captures the dynamic nature of frailty, a continuous scoring system or an ordinal 
scoring system on multiple levels would be preferred.25 The Frailty Index and the 
instrument defined by Carriere et al.29 use a continuous scoring system and seem 
therefore to be able to discriminate and measure change after an intervention. Both 
instruments have not specified a cut-off point for frailty, but this is not necessary for 
an evaluative outcome measure in clinical trials. In future research, it will be 
important to learn about clinically relevant changes. 
The assessment of the clinimetric properties of the frailty instruments was based on a 
previously described assessment scale for clinimetric properties of health status 
questionnaires.24 Even though this scale is not considered a gold standard, we preferred 
to use a recent standardized assessment scale for clinimetric properties that reflects 
current and generally accepted principles of clinimetric research. We strictly applied 
the described criteria to the frailty instruments. Some of these criteria were, however, 
not very suitable for frailty instruments. To score positively on the criterion content 
validity, for example, a clear description of the measurement aim, the target 
population and the concepts that are being measured must be given. Also the target 
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population must be involved in item selection. In most of the studied articles no 
information was found on this latter item. A positive score for content validity could 
therefore not be assigned, even though most studies did give a clear description of the 
measurement aim and the concept being measured. Also, the used assessment scale 
does not contain an item on generalizability while a measurement instrument is not 
naturally generalizable. However, we believe it is important to conduct research on 
measurement properties in different samples and settings to study whether they 
perform equally outside the dataset they were created in. Studying the overall results 
of the assessment on clinimetric properties (table 3) we can conclude that frailty 
instruments are mainly developed as risk assessment tools, not as outcome measures 
and, as a consequence, have been validated as such. For most instruments only 
information on construct validity was found. Besides a positive score on content 
validity, The Frail Elderly Functional Assessment Questionnaire (FEFA)42,48 scored 
positively on reliability, responsiveness, floor- and ceiling effects and construct 
validity. The Clinical Global Impression of Change in Physical Frailty (CGIC-PF)32 also 
had a positive score on reliability and content validity, the instrument defined by 
Carriere et al.29 on interpretability and the Frailty Index-Comprehensive Geriatric 
Assessment (FI-CGA)39,47 on floor- and ceiling effects. These instruments that have been 
additionally studied on clinimetric properties however, do not fulfill the criteria set in 
this study considering multidimensionality. On top of that, particularly the study on the 
CGIC-PF, was done in a very small sample (n=10). Altogether, according to the criteria 
set in this study these instruments are not appropriate as evaluative outcome 
measures.  
Because there is no consensus on how to define frailty, a standard search strategy on 
this subject is difficult to determine. In this review we chose to focus on the population 
which was explicitly defined as frail by the authors. We also focused on outcome 
measures and not on screening or predictive instruments. Therefore, we missed studies 
on frail elderly in which the population was not defined as such or instruments that 
exclusively defined their instrument as a screening instrument. For this reason a 
number of more or less well known frailty screening instruments were not included in 
this systematic review, for example the Edmunton Frail Scale.50 Also, the recently 
developed and validated Tilburg Frailty Indicator (TFI)12,51 was not included as a 
possible outcome measure in this systematic review. However, we do not expect that 
this is a lack of this study because screening instruments are generally not appropriate 
to evaluate outcomes. 
Based on the results of this study we can conclude that among the selected instruments 
only one instrument, the Frailty Index (FI),25 covers all the frailty factors. The FI also 
uses a continuous scoring system. Besides items on present functioning the Frailty index 
also includes many more or less stable deficits and diseases (co-morbidity) which are 
not changeable by any sort of intervention, for example the presence or absence or a 
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hearing problem. Future studies should be conducted to study in which extent co-
morbidity has to be part of a frailty index or should be considered as a distinct entity 
that influences the impressionability of frailty by interventions. A great advantage of 
the Frailty Index on the other hand is that it is not a fixed index. As long as the index 
contains at least 40 items that fulfill certain criteria,25 item choice is free. This means 
that the number of unchangeable items can be minimized in relation to the number of 
changeable items, dependent of the aim for which the instrument is used. As a 
consequence, the Frailty Index does need clinical translation to be used in research or 
clinical practice.26 An essential discussion point is the question whether it is possible to 
measure frailty with one outcome measure. The measure has to reflect the 
changeability of frailty over time and the interaction between the factors in the 
physical, psychological, and social domain as part of the complex dynamic system. The 
challenge is to define an adequate set of factors, and to validate the weight the factors 
have on frailty individually and in interaction. Therefore we suggest that a fixed index 
with outcome variables relevant to the intervention aim could be appropriate. In 
recent cohort studies, the Frailty Index has been used and significant effects over time 
were found as a result of physical exercise.4,14 However, further examination of the 
clinimetric properties of the Frailty Index revealed that, methodologically, only studies 
on construct validity were carried out. This means that, before applying the Frailty 
Index as an evaluative measure in effect studies as a primary outcome measure, more 
studies are needed to gain insight in the clinimetric properties of this index. 
Another four instruments, the GFI, the CGIC-PF, the FI-CGA and the GFE do not cover 
all the frailty factors, but do cover all frailty domains. The GFI and the CGIC-PF use a 
dichotomous scoring system and the GFE uses an ordinal scale on three levels. Both 
systems are not preferred as an outcome measure in clinical trials on frailty because 
these systems do not capture the dynamic nature of frailty. Moreover, the CGIC-PF and 
the FI-CGA are based on clinical judgment by a geriatrician. For this reason these 
instruments might be not very easily applicable in clinical trials or clinical practice. 
In conclusion, this review gives an exhaustive overview of available frailty instruments. 
All instruments that intend to measure frailty were included and were assessed on a 
predefined set of factors of frailty and clinimetric criteria. At this point, the Frailty 
Index seems to be the most suitable instrument to be used as an evaluative outcome 
measure in frailty research but the clinimetric properties of this and other indexes 
need to be explored far more extensively. We also emphasize the need for more 
consistency and transparency in frailty research to make comparison between studies 
possible. 
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Abstract 
Background. Physical activity is assumed to be important in the prevention and 
treatment of frailty. It is unclear, however, to what extent frailty can be influenced 
because instruments designed to assess frailty have not been validated as evaluative 
outcome instruments in clinical practice. 
Objectives. The aims of this study were: (1) to develop a frailty index (ie, the 
Evaluative Frailty Index for Physical Activity [EFIP]) based on the method of deficit 
accumulation and (2) to test the clinimetric properties of the EFIP. 
Design. The content of the EFIP was determined using a written Delphi procedure. 
Intrarater reliability, interrater reliability, and construct validity were determined in 
an observational study (n=24). 
Method. Intrarater reliability and interrater reliability were calculated using Cohen's 
kappa and intraclass correlation coefficients (ICCs). Construct validity was determined 
by correlating the score on the EFIP with those on the Timed "Up & Go" Test (TUG), the 
Performance-Oriented Mobility Assessment (POMA), and the Cumulative Illness Rating 
Scale for Geriatrics (CIRS-G). 
Results. Fifty items were included in the EFIP. Interrater reliability (Cohen kappa=0.72, 
ICC=.96) and intrarater reliability (Cohen kappa=0.77 and 0.80, ICC=.93 and .98) were 
good. As expected, a fair to moderate correlation with the TUG, POMA, and CIRS-G was 
found (.61, -.70, and .66, respectively). 
Limitations. Reliability and validity of the EFIP have been tested in a small sample. 
These and other clinimetric properties, such as responsiveness, will be assessed or 
reassessed in a larger study population. 
Conclusion. The EFIP is a reliable and valid instrument to evaluate the effect of 
physical activity on frailty in research and in clinical practice. 
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Introduction 
Although frailty is known to be changeable over time,1 it is unclear to what extent the 
level of frailty can be influenced by interventions. Multiple interventions aimed at 
different aspects of frailty (e.g., lifestyle and pharmacological interventions) are 
thought to be effective.2 Lifestyle interventions include promoting physical activity 
(PA), appears to be especially important in maintaining fitness and in preventing 
disabilities and increasing frailty.3–6 It is known that PA has a positive influence on 
functional outcomes and muscle strength,7 as well as on numerous physical health 
conditions such as abnormal blood pressure and diabetes.8,9 There also is some 
evidence that PA has a positive influence on psychological factors such as memory and 
mood.6 Only a small number of studies have evaluated the effect of PA on the level of 
frailty,10,11 and they did so by measuring just a single aspect of frailty. 
Frailty, however, is a complex state of increased vulnerability to adverse health 
outcome. The causes as well as the consequences of frailty are very diverse and 
originate from multiple domains (e.g., physical, psychological, and social).12 There is a 
complex interaction among the factors that determine and influence the level of 
frailty, which is dynamic and can change over time.1 When, for example, a PA 
intervention enables an older adult to increase walking distance, this outcome also 
might positively influence mental wellbeing and social interaction. Because 
psychological and social factors influence the level of frailty, the PA intervention may 
have a larger effect on frailty than would be expected based on only the physical 
aspects of frailty. Therefore, a measurement instrument is needed that focuses on the 
multiple domains of frailty, that reflects the complex interaction of multiple factors 
that attribute to the total level of frailty, and that is able to measure change over 
time.5 A recent systematic review showed that many frailty measurement instruments 
have been developed, but all of these instruments were developed as screening or 
diagnostic tools and not as evaluative instruments.13 The method of deficit 
accumulation appeared to be the best multidimensional method to use as an evaluative 
outcome measure of frailty in clinical trials and clinical practice.13 
The general idea of deficit accumulation is that the more deficits a person has, the 
more likely that person is to be frail.14 When considered in isolation, many deficits have 
only a small effect on health. The cumulative effect of a number of deficits, however, 
becomes significant. A frailty index (FI) based on deficit accumulation considers at 
least 30 to 40 deficits (e.g., symptoms, signs, disabilities, laboratory values, 
radiographic) and expresses the level of frailty as the ratio of actual deficits to the 
total number of deficits considered. The clinimetric properties of an FI depend more on 
the number of deficits considered than on the nature of these deficits as long as the 
included deficits fulfill certain criteria. These criteria include: (1) items must be 
deficits associated with health status, (2) a deficit's prevalence must generally increase 
with age, (3) deficits must not saturate too early, (4) the deficits must cover a range of 
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domains, and (5) when the index is to be used serially on the same group of people, the 
items must stay the same.14 Deficit accumulation is strongly associated with health 
status, physical functioning, institutionalization, and risk of death.14–20 Even though not 
every FI considers the same deficits, the results have been consistent.14 However, when 
fewer than 30 items are included, estimates become imprecise.14–20 In addition, an FI 
has been used as an outcome measure in one cohort study on the relationship between 
PA and the level of frailty.3 
Studying the literature, no FIs that could be used as an outcome instrument in PA 
studies were found. Some FIs contained items (e.g., blood values) that are not easily 
collectible for PA professionals.14 Moreover, most FIs contained many items on general 
health status,21 although items on physical functioning appear to be more important in 
a PA outcome instrument. The research group that developed the original idea of 
deficit accumulation encourages the widespread evaluation of frailty and makes the 
method of measuring frailty by deficit accumulation readily available by describing a 
step-by-step procedure to create a predictive FI based on the statistical analyses of 
cohort study data.14 
Because the aim of this study was to develop an evaluative FI, it was important to take 
the well-known predictive factors in various dimensions into account, but also to 
consider factors that can be influenced by a PA intervention. Therefore, this study 
started with items mentioned in the literature, and selection was made based on 
consensus among experts. The primary aims of this study were: (1) to develop an FI 
appropriate to evaluate the effect of a PA intervention on the level of frailty and (2) to 
explore the clinimetric properties of this index. The working assumptions for the 
format and content of the Evaluative Frailty Index for Physical Activity (EFIP) were that 
it should include the physical domain, the psychological domain, the social domain, and 
general health status because PA interventions have an influence on all of these 
domains, which, in interaction, determine the level of frailty.13 Furthermore, the index 
should not include physical performance tests, such as tests of walking speed.16 The 
EFIP is meant to be used in the clinical practice of PA professionals (mostly physical 
therapists) who can use it in addition to their usual measurement instruments. The 
index should contain a restricted number of items (at least 30–40) and should be 
feasible in frail older adults with a sometimes limited (physical or psychological) 
capacity. Because of this limited capacity and the fact that the EFIP gives relevant 
information on different domains of functioning of the patient that can be used in 
designing a personalized intervention, the EFIP is advised to be taken by the PA 
professional in an interview (e.g., during the anamnesis). The second aim of this study 
was to test the reliability and validity of the developed EFIP. 
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Method 
We used a mixed-methods design with 2 consecutive steps (figure 1): step 1 contained a 
3-round Delphi procedure, and step 2 was an observational study. 
 
Step 1: Delphi Procedure 
To gain consensus on the content of the EFIP, a Delphi procedure consisting of 3 written 
rounds was performed. 
Selection procedure of experts. We started the selection procedure by asking a group 
of well-known Dutch experts on geriatric physical therapy to provide us with the names 
and contact details of other experts in this field. The initial expert group consisted of a 
group of people actively involved in care, education, and research in physical therapy 
in the Netherlands. Moreover, all registered geriatric physical therapist members of the 
Dutch Geriatric Physical Therapy Association (NVFG) were informed about the study in 
a newsletter and were asked to participate voluntarily. 
Procedure. The procedure was characterized by a systematic communication process by 
Internet in which experts independently and anonymously gave their opinions.22,23 
Participants were asked to fill out questionnaires using an online web application 
(Formdesk, available at http://formdesk.com). They were informed about the aim of 
the instrument (patient-reported outcome to evaluate the level of frailty before and 
after a PA intervention) and the method used to develop an item list. It was announced 
that 3 rounds would be used until consensus was reached at a minimum level of 80% 
agreement on at least 40 items. In each consecutive round, feedback on the results of 
each item in the questionnaire was given to the participants by letter or e-mail. 
A week before the response deadline, a reminder was sent by e-mail to all participants. 
After the deadline, participants who had not responded were personally contacted by 
e-mail with the request to fill out the questionnaire.  
In the first questionnaire, we listed 57 items based on items of FIs in the literature14,21 
and extensive discussion by the research group (multidisciplinary, n=10). These items 
focused on general health status and deficits in the physical, psychological, and social 
domains. Participants were asked to judge each item on a 4-point Likert scale, which 
could be valued as follows: definitely, preferably, preferably not, or definitely not part 
of the EFIP. Also, the possibility to add or to combine items was offered, and 
participants could write down their ideas in an open text field. Consensus on an item 
was considered to be adequate when ≥ 80% of the participants agreed on the inclusion 
of an item in the EFIP (Likert score 1 or 2: definitely or preferably include in the EFIP), 
and these items were directly added to the definite EFIP. Remarks of the participants 
were grouped, and each remark was analyzed on relevance and consistency. In each 
Delphi round, a feedback report was presented on the results of the previous round, 
with the percentage of agreement, the proposed adaptations, and decisions made. 
Items with ≤ 80% agreement were adjusted, and new items, when considered relevant 
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and consistent with the goal of the EFIP, were added in the second round 
questionnaire. After the second round, items on which ≤ 60% of the participants agreed 
were removed from the EFIP and not asked again in the third round. Only items on 
which no consensus was reached in the second round (agreement ≥ 60% to ≤ 80%) were 
questioned one last time in the third round questionnaire. After the third round, the 
definite EFIP was completed with the items on which ≥ 80% of the participants agreed. 
 
Step 2: Observational Study 
Both intrarater reliability and interrater reliability were assessed in this observational 
study in older adults aged 65 years and older. In addition, we investigated construct 
validity. To guarantee inclusion of participants with different functional levels, we 
included participants living in the community as well as participants living in a 
residential care facility. Older adults were invited by distributing flyers about the study 
in a residential care facility and in an outpatient physical therapy practice. Older 
adults with a cognitive impairment who were not able to understand the instructions 
properly (as judged by their caregivers or therapists) were excluded from participation. 
Volunteers were asked to contact 1 of the 2 assessors to make a personal appointment 
for the first test moment. Eligibility was checked again at the first test moment before 
testing commenced. 
Procedure. To assess the intrarater reliability, the EFIP was assessed twice by the same 
rater at 2 test moments. The time between test moment 1 and test moment 2 was 2 
days.  
The interrater reliability was determined by assessing the EFIP score by 2 raters 
separately24 at 1 test moment. The procedure is shown in figure 1. 
The construct validity25 was assessed by correlating the score on the EFIP with 
2 performance tests and 1 general health outcome: the Timed "Up & Go" Test (TUG), 
the Performance-Oriented Mobility Assessment (POMA), and the Cumulative Illness 
Rating Scale for Geriatrics (CIRS-G). The hypothesis was that the EFIP would correlate 
moderately well with both of the performance measures and the general health scale 
because disability, frailty, and comorbidity are related, but distinct, concepts.26 The 
2 raters were physical therapy graduate students intensively trained in administering 
the TUG, POMA, EFIP, and CIRS-G. 
Measurement instruments. The score on the EFIP (table 1, Appendix A) is obtained by 
adding up the scores on all questions and dividing the sum by the total number of 
questions included. This procedure results in a score that ranges from 0 to 1, with 
predefined distances dependent on the number of items included (e.g., in case of 50 
items, 0.00, 0.02, 0.04, and so on up to 1.00).21 The higher the score, the more frail a 
person is. The TUG27 and POMA28 are both measurement instruments used to assess 
mobility. During the TUG, the patient is instructed to rise out of a chair, walk 3 meters, 
turn, walk back, and sit down on the chair.  
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Figure 1: Study design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EFIP = Evaluative Frailty Index for Physical Activity, TUG=Timed "Up & Go" Test, POMA=Performance-
Oriented Mobility Assessment, CIRS-G=Cumulative Illness Rating Scale for Geriatrics. 
 
The average time in seconds is the score on this test. The POMA contains 2 subscales: a 
balance subscale and a walking subscale in which the participant is asked to perform a 
few functional tasks (e.g., walking and sitting down). The maximum score is 26, 
indicating good balance and mobility. The CIRS-G29,30 rates 13 aspects of health based 
on the severity of disease. The scoring range is 0 to 52. A higher score indicates more 
health problems. 
 
Test moment 1:  
-EFIP assessment by observer 1 and observer 2 → inter-observer 
reliability 
-TUG, POMA and CIRS-G  
Test moment 2: EFIP reassessment at two days: 
-Group 1 by observer 1→ intra- observer reliability observer 1 
-Group 2 by observer 2 → intra- observer reliability observer 2 
Inclusion of participants from 
community 
(group 2, n=13) 
Step 1: Development of the EFIP 
(start: 57 items from literature) 
EFIP: 50 item questionnaire 
Step 2: Observational study: 
assessment of inter- and intra- 
reliability and construct validity  
Inclusion of participants  
from residential care facility  
(group 1, n=11) 
Delphi round 2 (47 experts)
Delphi round 3 (42 experts)
Delphi round 1, (50 experts)
4 items accepted and 2 items combined to 1
44 items accepted, 6 new items proposed
3 items accepted
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Data analysis 
Data were analyzed using SPSS version 16.0 (SPSS Inc, Chicago). With regard to the 
intrarater reliability, we compared the ratings of observer 1 at test moment 1 with the 
ratings of observer 1 at test moment 2 (figure 1). We also made this comparison for 
observer 2 (figure 1). To assess interrater reliability, we compared the ratings of 
observer 1 with the ratings of observer 2 at test moment 1 (figure 1). We computed a 
reliability coefficient for the agreement on the individual items of the EFIP and for the 
agreement on the total EFIP score. The individual items of the EFIP are dichotomous or 
ordinal in nature. For dichotomous and ordinal data, the Cohen's kappa is an 
appropriate measure of reliability.31 For the agreement on the EFIP total score, which 
is not categorical, we used the intraclass correlation coefficient (ICC). To determine 
construct validity, the EFIP total score was compared with the TUG, POMA, and CIRS-G 
scores using Spearman correlations. A correlation coefficient of >.6 was considered 
good, between .31 and .59 adequate, and ≤.30 poor.32 
 
Results 
Step 1: Delphi Procedure 
Participants. Thirty-five known experts who were personally invited and another 
19 physical therapists working in geriatrics responded to the newsletter and 
volunteered to participate. On the first questionnaire, 31 experts (89%) and all 
19 physical therapists responded. Participants had an average of 13.5 years of 
experience in geriatric physical therapy. Thirty-two participants were officially 
registered as a specialized geriatric physical therapist, 9 were following education to 
reach registration, and 8 were not registered but did have many years of practical 
physical therapy experience with geriatric patients. Participants worked in a nursing 
home setting (n=25), an outpatient practice (n=15), or part time in a nursing home and 
part time in an outpatient practice (n=8). One participant worked in a hospital, and 
2 participants combined working in a private practice with working in a hospital. The 
response rate in round 2 and in round 3 was 94% (n=47) and 84% (n=42), respectively. 
Round 1. An immediate decision could be made on 44 out of the 57 items (table 1, 
figure 1). After analyzing the qualitative feedback, 6 new items could be extracted: 4 
in the physical domain, 1 in the psychological domain, and 1 on general health status. 
Also, it was proposed to reformulate 3 items: 2 items related to the physical domain of 
frailty and 1  item related to the psychological domain of frailty. 
Round 2. After round 2, two psychological items were added to the EFIP, and 
agreement was reached on 2 of the newly proposed items (table 1). Finally, there was 
agreement to combine 2 of the already accepted psychological items as 1 item and to 
reformulate 1 item. 
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Round 3. In round 3, three new items, which were proposed in Delphi round 1, were 
accepted: 2 in the physical domain of frailty and 1 concerning general health status 
(table 1). The EFIP is shown in the Appendix A. 
 
Table 1. Percentage of agreement on the items included in the Delphi procedure to develop an 
Evaluative Frailty Index for Physical Activity (EFIP) 
 
Item First Delphi 
round: decision 
(% agreement)
Second Delphi 
round: decision 
(% agreement) 
Third Delphi 
round: decision 
(% agreement)
Physical domain 
Needing help with having a shower A(87*)
Needing help getting dressed  A(96)
Needing help sitting down on a normal chair A(87)
Needing help standing up from a normal chair A(96)
Use of walking aids A(100)
Walking inside the house independently  A(96)
Walking outside independently A(100)
Fallen within the last six months A(100)
Needing help eating Q(74) Q(72) N(76)
Needing help going to the toilet A(98)
Walking the stairs independently A(98)
Needing help lifting objects ≥ 5 kg Q(72) N(23) 
Needing help doing groceries A(83)
Needing help doing household chores A(85)
Pain in the skeleto-muscular system A(91)
Needing help preparing a meal Q(75) Q(72) N(76)
Often coughing during a meal Q(46) N(19) 
Avoiding activities during last month A(96)
30 minutes of physical activity everyday  A(81)
Going outside at least once a week A(89)
Psychological domain 
Feeling that everything takes a lot of effort A(84) C(91) 
Feeling depressed A(84)
Feeling happy Q(78) A(85) 
Feeling nervous or anxious A(91)
Difficulty starting an activity A(80) C(91) 
Difficulty solving problems Q(62) N(28) 
Memory problems or dementia Q(70) N(40) 
Knowing what day and time of the day it is Q(79) A(89) 
Difficulty remembering appointments A(88)
Difficulty remembering names of family members or 
friends 
A(81)
Travelling with public transportation Q(77) N(30) 
Social domain 
Feeling lonely A(86)
People that are able and willing to help A(95)
Enough visitors every week Q(64) N(15) 
Problems speaking Q(70) N(21) 
Activities that recently someone else has taken over A(93)
Enough organized activities nearby  A(86)
Problems with going out to do activities A(86)
Problems with housing/ accommodation A(93)
Enough professional help/ support A(86)
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Item First Delphi 
round: decision 
(% agreement)
Second Delphi 
round: decision 
(% agreement) 
Third Delphi 
round: decision 
(% agreement)
General health status 
Rating of own health A(95)
Rating of own fitness A(88)
Change in health in last year A(93)
Staying into bed for half a day or longer in last week Q(75) Q(68) N(46)
Needing help with medication use A(82)
Taking more than 4 medicine per day A(93)
Problems hearing A(91)
Problems with vision A(91)
Feeling tired/ lacking energy A(93)
Hypertension  A(84)
Cardiac disease A(86)
Stroke A(89)
Cancer Q(72) Q(70) N(46)
Diabetes A(89)
Problems in musculoskeletal system A(93)
COPD A(91)
Incontinence  A(93)
Items proposed in 1st Delphi round: physical 
domain 
Fear of falling A(100) 
Needing help getting in- and out of bed A(96) 
Needing help transferring in bed Q(72) A(85)
Feeling dizzy while standing up Q(79) A(92)
Items proposed in 1st Delphi round: psychological 
domain 
Difficulty concentrating N(56) 
Items proposed in 1st Delphi round: general health 
status 
Hospital admission in last 3 months Q(79) A(85)
A= accepted ; Q= questioned again in next round ; N = not accepted ; C= combined ; *=percentage of 
agreement 
 
Step 2: Clinimetric Properties Reliability and validity 
A total of 24 participants (9 men, 15 women; mean age=78 years, SD=6.9) participated; 
13 were community dwelling, and 11 were living in a residential care facility. 
Comorbidity scores varied from 0 to 16 points on the CIRS-G, with a mean of 4. The 
mean EFIP score was 0.23 (SD=0.14), the mean TUG score was 13.42 (SD=5.97), and the 
mean POMA score was 24.71 (SD=4.62). The interobserver reliability on item level was 
.72, and the intraobserver reliability was .74 for observer 1 and .80 for observer 2. For 
the EFIP total score, an ICC of .96 (95% confidence interval [CI]=.90 –.98) was found 
between the 2 observers (intrarater reliability); an ICC of .93 (95% CI=.80 –.98) was 
found for observer 1, and an ICC of .98 (95% CI= 92–.99) was found for observer 2 
(interrater reliability). Considering validity, a significant Spearman correlation with the 
EFIP of .61 (P=.00), -.70 (P=.00), and 0.66 (P=.00) was found with the TUG, the POMA, 
and the CIRS-G, respectively. 
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Discussion 
In this study, a standardized FI to evaluate physical activity (i.e., the EFIP) consisting of 
50 items was composed based on literature review and expert consultation. The 
instrument showed good intrarater reliability, interrater reliability, and construct 
validity.  
The EFIP is a questionnaire designed to assess patient-related outcomes and is not 
meant to replace physical performance tests used in physical therapy. Measuring the 
level of frailty is generally considered relevant  for research purposes but also can be 
relevant for clinical practice. For a clinician, it is important to know whether a patient 
is or is not frail because frailty influences treatment outcome.33 Frail older adults, for 
example, will show less recovery in rehabilitation than non-frail older adults.34 On the 
other hand, it is important to know to what extent the level of frailty can be reduced 
by an intervention. Numerous factors determine the level of frailty in interaction. Some 
of these determinants (e.g., muscle strength) can be directly influenced by a PA 
intervention, whereas other determinants can only be indirectly influenced or cannot 
be influenced at all. When muscle strength has been increased, this improvement also 
could lead to better mobility, which would make it easier for an older adult to go 
outdoors. This outcome could even lead to increased social participation and decreased 
loneliness. Obviously, this is not the case for all older adults, and the same intervention 
can lead to different amounts of change in the level of frailty. An advantage of using 
the EFIP in clinical practice is that an existing deficits in multiple domains, which 
makes it possible to formulate hypotheses about relationships. These hypotheses can 
help a clinician in making decisions considering relevant and meaningful interventions. 
For research, the fact that the level of frailty is determined very precisely with deficit 
accumulation is also a great advantage because it makes it possible to compare 
effectiveness among different approaches.35  
Remarkably, in the Delphi procedure, high agreement was found on most items 
selected from literature. This finding means that the theoretical ideas about frailty are 
merely in line with practical observations. Even though we constructed the EFIP 
together with physical therapists, the EFIP is, in our opinion, not only relevant for 
physical therapy interventions, but also for PA interventions in general. When 
evaluating another type of intervention (e.g., food supplements or hormone 
treatment), we suggest that a standardized FI specific for that intervention could be 
developed using similar methods.  
Many experts were somewhat skeptical in the qualitative feedback in the first round 
about the inclusion of psychological and social items and of items on general health 
status. Some items, which are not modifiable by an intervention, were reasoned not to 
be important in the EFIP. In our feedback, we emphasized that we wanted to create an 
FI with a combination of modifiable and nonmodifiable items, because the 
nonmodifiable items (e.g., problems with vision or having had a stroke in the past) give 
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an indication of a basic level of frailty. Modifiable items such as not having enough 
visitors during the week are not directly influenced by PA, but indirectly may still be 
stimulated. Frailty has been shown to mediate the effect of diseases on adverse 
outcomes.36 When a person has to deal with a lot of modifiable and nonmodifiable 
problems, it is more difficult to achieve positive effects on all problems separately, 
which underscores the usefulness of the overarching frailty construct. Moreover, we 
argued that PA interventions do not only have a positive influence on physical factors 
but also on general health status (e.g., diabetes and hypertension),8,9 psychological 
factors (e.g., mood),37 and social factors (e.g., social support).38 These arguments were 
accepted by the panels and did not impede the agreement. 
One of the limitations of this study is that the clinimetric properties of the EFIP were 
investigated in a small sample. The results of this part of the study, therefore, should 
be interpreted with caution. However, the method of deficit accumulation has been 
validated in multiple large cohort studies,14–20 and the results of this study are in 
agreement with former results. In this study, the EFIP showed good reliability and 
moderate correlation with physical performance tests as well as a moderate correlation 
with comorbidity. The fact that no extremely high correlations were found is in line 
with our hypotheses. Items on multiple dimensions (physical, psychological, social, and 
general health) are included in the EFIP. To assess construct validity, correlations with 
measurement instruments including only one dimension were computed. Therefore, a 
very high correlation between these monodimensional instruments and the 
multidimensional EFIP cannot be expected.  
Previous studies on the relationship between physical performance measures and frailty 
also demonstrated moderate correlations.39,40 For example, correlation coefficients of 
.42 with the TUG40 and of -.62 with PA level39 were found. A moderate correlation with 
both physical performance tests and a comorbidity scale means that both of these 
domains are well represented in the instrument, but the final score is not totally based 
on the physical domain and on general health status. This finding is in agreement with 
our expectations and with the literature, which indicates that disability, comorbidity, 
and frailty are related, but distinct, concepts.26 In future research, it will be 
interesting to assess the interaction among these different domains. In addition, no 
psychological or social measurement instruments were used to validate the EFIP, 
although the psychological and social domains are important parts of the EFIP. Future 
research should address this issue. In conclusion, this study showed that the EFIP is 
sufficiently reliable and valid to warrant its use as an evaluative outcome instrument 
on frailty in PA studies. In future research, the EFIP needs to be revalidated in PA 
intervention studies or cohort studies with larger populations. In addition, psychological 
and social measurement instruments with sound clinimetric properties should be used 
in the validating process. Finally, other clinimetric properties (e.g., responsiveness) 
need to be assessed in future research. 
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Appendix A:  Evaluative Frailty Index for Physical activity (EFIP) 
 
Evaluative Frailty Index for Physical activity (EFIP)
 
Name  
Date of birth   
Date    
Points EFIP  
Score EFIP points / 50)  
 
The questions in this questionnaire concern functioning and health in the last week (unless the question 
states differently).  
 
Physical functioning Yes No
1 Do you need help having a shower? □ □
2 Do you need help getting dressed? □ □
3 Do you need help getting in- and out of bed? □ □
4 Do you need help moving in bed? □ □
5 Do you need help to sit down on a normal chair? □ □
6 Do you need help to get up from a normal chair? □ □
7 Do you feel dizzy when you are standing up? □ □
8 Can you walk independently when you are in your house? □ □
9 Can you walk independently outside? □ □
10 Do you use anything (walking stick or frame) to help you walk? □ □
11 Have you fallen over during the last 6 months? □ □
12 Do you need help going to the toilet? □ □
13 Do you need help getting up or down the stairs? □ □
14 Do you need help doing grocery shopping? □ □
15 Do you need help doing housework chores? □ □
16 Do you have joint- or muscle pain?  □ □
17 In the last month, have you not done anything that you usually do? □ □
18 Do you do at least 30 minutes of moderate physical activity every day (that makes 
you breathe somewhat harder than normal)? 
□ □
19 Do you go outside by yourself at least once a week? □ □
Psychological functioning Most of the time sometime Rarely
20 Do you feel that everything you do is an effort and/ or 
that you have difficulty getting started with activities?
□ □ □
21 Do you feel depressed? □ □ □
22 Do you feel happy? □ □ □
23 Do you feel nervous or anxious? □ □ □
24 Are you afraid of falling over? □ □ □
25 Do you usually know what day and what time of the 
day it is? 
□ □ □
26 Do you have difficulty remembering  when your 
appointments are? 
 
27 Do you have difficulty remembering names of family 
members and friends? 
□ □ □
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Social functioning Most of the 
time 
sometime Rarely
28 Do you feel lonely? □ □ □
29 When you need help, are there people who are willing and 
able to help you? 
□ □ □
30 Are there activities that someone else has taken over from 
you recently? 
□ □ □
31 Are there enough organized activities for you nearby? □ □ □
32 Do you have problems getting out for organized 
activities?(like problems with transport to get to them) 
□ □ □
33 Have you got housing problems? □ □ □
34 Do you have enough help from professionals? □ □ □
General health  poor fair good Very 
good 
Excellent
35 How do you rate your health? □ □ □ □ □
36 How do you rate your fitness? □ □ □ □ □
  worse Better/same
37 Has your health changed over the last year? □  □ 
  yes no 
38 Do you need help to take your medicine? □  □ 
39 Do you take more than 4 medicine a day? □  □ 
40 Have you had to stay overnight in a hospital unexpectedly 
in the last three months? 
□  □ 
41 Do you have difficulty hearing? □  □ 
42 Do you have problems with your vision? □  □ 
43 Do you feel tired or do you lack energy? □  □ 
Do you have: Yes Suspect No
44 hypertension (high blood pressure)? □ □ □
45 heart disease? □ □ □
46 diabetes? □ □ □
47 artritis? □ □ □
48 breathing problems like COPD or emphysema? □ □ □
49 urinary or fecal incontinence? □ □ □
50 Have you ever had a stroke?  □ □ □
 
Calculation method:  
questions 1- 19, and 38-43: each Yes = 1 point, except in question 8,9, 18 and 19 then no = 1 point.   
questions 20-34,: most of the time = 1 point, sometimes 0,5 point and rarely = 0 points except in 
questions 22,25, 29,31 and 34 rarely = 1 point and most of the time 0 points  
questions 35, 36:  Poor = 1     Fair= 0.75   Good = 0.5   Very good= 0.25 Excellent = 0  
questions 44-50: Yes = 1, suspect = 0,5 and No = 0  
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Abstract 
This is the first meta-analysis focusing on elderly patients with mobility problems, 
physical disability and/or multi-morbidity. The aim of this study is to assess the effect 
of physical exercise therapy on mobility, physical functioning, physical activity and 
quality of life. A broad systematic literature search was performed in the databases 
PubMed, CINAHL, Embase, PEDro and The Cochrane Library. Relevant study 
characteristics were reviewed and meta-analyses using standardized mean differences 
(SMDs) were performed. The results show that physical exercise therapy has a positive 
effect on mobility (SMD final value: 0.18; 95% CI: 0.05, 0.30; SMD change value: 0.82; 
95% CI: 0.54, 1.10) and physical functioning (SMD final value: 0.27; 95% CI: 0.08, 0.46; 
SMD change value: 2.93; 95% CI: 2.50, 3.36). High-intensity exercise interventions seem 
to be somewhat more effective in improving physical functioning than low intensity 
exercise interventions (SMD final value: 0.22; 95% CI: −0.17, 0.62; SMD change value: 
0.38; 95% CI: −0.48, 1.25). These positive effects are of great value for older adults 
who are already physically impaired. The effect on physical activity and quality of life 
was not evident and no definite conclusions on the most effective type of physical 
exercise therapy intervention can be drawn. 
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Introduction 
The beneficial effects of exercise and physical activity on numerous aspects of health 
are nowadays well known and generally accepted. In healthy older adults, exercise and 
a physically active lifestyle are known to improve mobility and to contribute positively 
to the prevention of various chronic diseases such as diabetes, cardiovascular diseases 
and cancer.1,2 The American College of Sports Medicine (ACSM) gives an overview of the 
benefits of physical activity and exercise for older adults and also gives directions on 
the type of activity and the minimum intensity of these activities.1,2 Even though 
physical activity and exercise are overlapping, they are not identical. Physical activity 
is generally defined as body movement that involves contraction of skeletal muscles 
and that increases energy expenditure1 and includes activities of daily living such as 
housework, gardening and walking.3 Physical exercise, on the other hand, refers to 
planned, structured and repetitive movement aimed at improving or maintaining one or 
more components of physical fitness,1 for example, strength, endurance, balance and 
flexibility.4 This can be practiced either under supervision or alone. Both are essential 
in healthy ageing. While high-intensity exercise training programmes can bring about 
clear health benefits, intensity does not need to be high to, for example, reduce the 
risk of developing chronic cardiovascular or metabolic diseases. A physically active 
lifestyle is therefore also of major importance. 
Unfortunately, the ACSM guideline mainly focuses on healthy older adults, while a 
substantial part of the elderly population suffers from multi-morbidity and disability. 
Especially mobility problems such as walking, getting into bed or a chair, stair climbing 
and getting in and out of transportation5,6 are highly prevalent7 and have a negative 
influence on the ability to stay active. Mobility problems are often an early 
manifestation of decline in physical functioning and they are highly predictive of 
disability progression. Consequently, mobility problems place older adults at risk of 
dependency, increased health service requirements,8 and have a negative influence on 
quality of life.7,9 Moreover, even in the absence of deficits in activities of daily living or 
mobility problems, physical inactivity in older adults is a risk factor for frailty10 and 
mortality.5 Even though consensus on a definition of frailty is still lacking, a frail older 
adult is generally considered to be at high risk of adverse health outcome, dependency, 
institutionalization and mortality.10,11 The causes of the complex concept of frailty are, 
at this point, not fully understood,12 but studies have shown frailty to be 
multidimensional and dynamic. Multidimensionality means that multiple inter-related 
factors in multiple dimensions (physical, psychological, cognitive and social dimensions) 
can influence the level of frailty.13 To make things even more complicated, some risk 
factors can be considered to be a cause as well as a consequence of frailty.12 Physical 
factors, among which mobility problems and lack of physical activity, seem to be of 
great importance.10,11 The fact that frailty is dynamic in nature implies that one can 
become more or less frail over time.14 Exercise and physical activity seem to be very 
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important interventions to prevent or reduce the level of frailty.15,16 Because there is 
no adequate outcome instrument to measure frailty in intervention studies,17 the 
extent to which the level of frailty can be influenced by interventions is still unknown. 
Studies performed in physically frail elderly persons do provide some evidence of a 
positive effect of therapeutic exercise on mobility and physical functioning.15,16,18,19 
However, it is difficult to determine to what extent therapeutic exercise is effective 
and which interventions are most effective in elderly patients with already existing 
mobility deficits and disabilities and who often suffer from multi-morbidity. The aim of 
this review is to give an overview of physical exercise therapy interventions and to 
assess the effect of these interventions on mobility, physical functioning, physical 
activity and quality of life in elderly patients with mobility problems, disability and/or 
multi-morbidity. We specifically aimed to answer the following questions: 
1. What is the effect of physical exercise therapy compared with no exercise? And is 
there a difference between interventions of short duration (≤3 months) and 
interventions of longer duration (>3 months)? 
2. What is the effect of high-intensity physical exercise therapy compared with low-
intensity physical exercise therapy? And is there a difference between interventions 
of short duration (≤3 months) and interventions of longer duration (>3 months)? 
3. Is there a difference in effectiveness between studies using individual interventions 
and studies using group interventions? 
4. What type of physical exercise therapy intervention is most effective? 
5. Is there evidence of a long-term (>12 months) effect of physical exercise therapy? 
We chose not to focus on healthy elderly people, but on elderly patients with physical 
frailty, i.e. with mobility problems and/or other explicitly described disabilities 
because these problems are common in the elderly population.20 Also, we explicitly 
aimed at studies in which multi-morbidity was not excluded. 
 
Method 
Literature search 
A broad systematic literature review (figure 1) was performed in the databases 
PubMed, CINAHL, Embase, PEDro and The Cochrane Library. Search terms included 
MESH terms as well as free text terms on frail elderly (e.g., 'elderly', 'aged' and 'frail 
elderly'), physical therapy and physical exercise interventions (e.g., 'rehabilitation', 
'exercise', 'exercise therapy', 'physical therapy', 'physiotherapy', 'physical therapy 
intervention', 'physiotherapy intervention', 'physical therapy treatment', 'physiotherapy 
treatment', 'physical training', 'lifestyle intervention' and 'prevention') and physical 
exercise therapy outcome (e.g., 'mobility limitation', 'activities of daily living', 'physical 
activity' and 'motor activity'). The search was designed to include studies focusing on 
frail elderly patients, in which multi-morbidity was not excluded and in which the 
intervention was not aimed at a specific disease. Because of this focus on elderly 
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patients, the term 'physical exercise therapy' will be used in this paper instead of 
'physical exercise'. The search was performed for articles published from the start date 
of the involved database until 19 May 2011. 
 
Study selection 
The following inclusion criteria were applied to select relevant articles: 
- The study design was a randomized controlled trial. 
- The included patients had to be physically frail as defined by the study authors using 
specific criteria on the presence of mobility problems and/or physical disability 
and/or multi-morbidity. 
- The included patients had to be older adults aged ≥ 60 years old, living in the 
community.  
- Interventions should consist of physical exercise therapy defined as exercises or a 
combination of exercises aimed at improving the already decreased levels of 
mobility, strength, endurance, balance and/or physical activity. 
- The study had to use one or more of the following outcomes: mobility, physical 
functioning, level of physical activity and/or quality of life. 
Exclusion criteria were: 
- Studies that aimed at one specific patient population (for example Parkinson's 
disease, stroke, diabetes, hypertension and chronic obstructive pulmonary disease). 
- Studies aimed at institutionalized older adults. 
- Studies using a combined intervention, for example, exercise in combination with 
food supplements or hormone treatment. 
- Studies using a t'ai chi, yoga, dance or other non-specified movement intervention. 
In order to select appropriate papers, all titles were first screened by the first author 
(NMdV) to exclude papers out of the scope of this review. After this first selection, the 
remaining papers were screened on title and abstract by the first and the second 
author (NMdV, CDvR). Subsequently, the full text versions of the remaining papers were 
studied by both to determine final inclusion. 
 
Quality assessment and data extraction  
The included studies were then judged on methodological quality by two raters (NMdV, 
CDvR) independently using the PEDro scale (value 0–10).21,22 The PEDro scale is an 
instrument for methodological quality assessment of randomized controlled trials in 
physical therapy and exercise studies. The scale consists of 11 items (see table 1) and is 
very similar to other quality assessment instruments, among which the Cochrane 
criteria, but is designed for judging the quality of physical therapy and exercise studies 
on which an international database with quality judgments is available 
(www.pedro.org.au). Judgment by the two independent raters was compared and when 
necessary discussed. Disagreement was solved by a third author (JBS). 
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Because we wanted to minimize the risk of bias, we considered studies with a PEDro 
score of ≥6 to have a minimal standard of methodological quality and included only 
these studies in this review. Data relevant to the research question were extracted 
from the included studies using a standardized data collection form. 
 
Data analysis 
Relevant properties, including population, type of intervention, outcome instruments, 
follow-up and results were described and reviewed. The studies were categorized into: 
(1) studies in which physical exercise therapy was compared with a no-exercise control 
group; and (2) studies in which physical exercise therapy was compared with another 
physical exercise intervention, mostly a high-intensity exercise intervention compared 
with a low intensity exercise intervention. We distinguished the following primary 
outcomes: mobility, physical functioning, physical activity and quality of life. Even 
though mobility can be seen as a part of physical functioning, we defined it as a 
separate outcome because of the importance of mobility problems on the ability to stay 
active. If sufficient data (means and standard deviations of follow-up measurement or 
change scores between follow-up and baseline measurement and change score 
variability/standardized response mean) were presented or could be provided by the 
study authors, a meta-analysis was performed. Pooled standardized mean difference 
(SMD) scores with 95% confidence intervals (CI) were calculated. The SMD expresses the 
size of the intervention effect in each study relative to the pooled variability in that 
study and can be used as a summary statistic when different studies assess the same 
outcome but use a variety of instruments. The SMD calculated in RevMan5 is also known 
as Hedges' g .23 
SMDs were pooled using the statistical method of inverse variance. However, using 
SMDs, means of final values cannot be pooled with data presented as change values in 
one SMD score. Therefore we tried to sample the original data, but if unavailable, we 
presented the final values and change values separately. An SMD score of 0.2 is 
considered to represent a small effect, 0.5 a moderate effect and 0.8 a large effect.24 
Statistical heterogeneity between trials was evaluated by the I2 test.25 When using I2, 
heterogeneity is interpreted as absent (I2: 0–25%), low (I2: 25.1–50%), moderate (I2: 
50.1–75%), or high (I2: 75.1–100%). When heterogeneity was absent, the SMD score was 
calculated by using a fixed-effect model. In the case of heterogeneity, a random-effect 
model was used for the analysis. When heterogeneity was not applicable because the 
SMD was only based on one study, a fixed-effect model was used. We assessed the 
presence of publication bias by examining funnel plots.26 
To answer our research questions, multiple meta-analyses were performed according to 
a priori defined strata. To assess the overall effectiveness of physical exercise therapy, 
all studies comparing a physical exercise therapy intervention with a no-exercise 
intervention were pooled on mobility, level of physical activity and/or quality of life 
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post intervention. In addition, separate analyses were performed for short 
interventions (≤3 months) and long interventions (>3 months) and for group 
interventions and individual interventions. Furthermore, we aimed to pool studies with 
a long-term follow-up after the intervention and studies with the same intervention 
characteristics, for example, multi-component exercise programmes, strength training 
programmes, functional exercise training and balance training. Studies comparing high-
intensity exercise interventions with low intensity exercise interventions, in which 
intensity was explicitly described as high and low by the study authors, were pooled 
post-intervention to answer the question whether or not there is a difference in effect 
between high-intensity exercise and low intensity exercise. These analyses were also 
carried out separately for short interventions (≤3 months) and long interventions (>3 
months), for individual and group interventions, for studies using a long-term follow-up 
and studies with the same intervention characteristics. 
If more than one measurement instrument for one of the outcomes was used in a study, 
we selected one measurement instrument per study to include in the meta-analysis. 
This selection was based on: (1) our judgment of importance of these instruments; and 
(2) the frequency of their use in the different studies to reduce variability in outcome 
measures as much as possible. For mobility, for example, we included instruments on 
walking ability (preferably walking speed) rather than transferring or stair-climbing 
ability since walking ability was considered more important than stair-climbing ability. 
For physical functioning, we included instruments that represent an overall physical 
functioning score based on a performance test rather than based on a questionnaire. 
 
Results 
Literature search 
The literature search resulted in a total number of 10,400 hits. 3597 papers were found 
in the database PubMed, 221 in CINAHL, 2034 in Embase, 4468 in The Cochrane Library 
and 80 in PEDro (figure 1). 
 
Study selection 
The review procedure is described in figure 1. After duplicate removal and screening of 
titles, 588 papers were left to be screened on abstract by the first and second author 
(NMdV, CDvR). This resulted in 58 potentially eligible studies. There was an initial 
agreement on 69% of the included studies (n=40). After discussion, mainly on the 
studied population, full agreement was reached. After studying the full text articles of 
58 studies, we included 33 studies based on content. Based on a PEDro score <6, 
another 15 studies were excluded which means that a total number of 18 studies 
(21 papers) were finally included in this review. 
4 
Managing the decline: physical therapy in frail elderly 
66 
Figure 1: Review Procedure   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Methodological quality 
As mentioned above, many studies were excluded based on quality assessment. The 
included studies scored 8, 7 or 6 points on the PEDro scale (table 1). Because blinding 
of subjects and therapists is practically impossible in physical exercise research, a 
PEDro score of 8 can be considered the maximum score. 
 
Data meta-analysis 
Unfortunately, not all articles reported the necessary data to be included in the meta-
analysis. Therefore the authors of these studies were contacted and asked to provide 
the original study data. Three authors provided the requested data, three authors could 
Database searches untill 19-05-2011 
- PubMed: 3597 
- EMBASE: 2034 
- CINAHL: 221 
- The Cochrane Library: 4468 
- PEDro: 80 
Total: 10400
588 potentially eligible papers after 
screening title and duplicate 
Reasons for exclusion: 
- Not a physical exercise 
intervention or combination 
with other intervention: n=10 
- Nursing home/residential 
care setting: n=7 
- Population <60 years old: n=1 
- Population not mobility 
limited or physically 
impaired: n=3 
- Another primary outcome 
than mobility, physical 
function, level of physical 
activity and/ or quality of 
life: n=1 
- Pedro score <6: n=15 
58 potentially eligible papers after 
screening title and abstract.  
18 original studies (21 papers) 
included in the review.  
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not provide the requested data and the remaining authors did not respond to our 
request. The funnel plots of publication bias (Appendix B) were studied and no 
publication bias was assessed. 
 
Study characteristics 
Table 2 gives an overview of the 18 included studies. Ten articles described an exercise 
intervention compared with a no exercise intervention (studies 1–10) and eight studies 
compared an exercise intervention with another exercise intervention (studies 11–18). 
The age of the study population varied from 60 to 85 years. All studies included 
participants with a problem in mobility and/or physical functioning in which multi-
morbidity was not excluded (see table 2, column 2). Only participants with conditions 
that precluded performing exercise were excluded, for example, severe cardiovascular 
conditions. A great variety of interventions (type, frequency, duration and intensity) 
and outcome measures were used. Nine studies (studies 1, 2, 7–9, and 12–15) used a 
multicomponent training programme focusing on the combination of strength, balance 
and endurance training. Two of these multicomponent interventions used a very 
specific phased approach in which supervision was gradually reduced and participants 
were stimulated to stay physically active (study 8) or to keep doing predetermined 
exercise (study 12). Four studies evaluated a specific strength training programme 
(studies 3, 5, 11 and 16), one study focused on a balance strategy (study 17) and two 
studies used a functional training programme (studies 10 and 18). Two studies consisted 
of a personalized approach in which the specific intervention depended on participant 
characteristics (studies 4 and 6). In nine of the 18 included studies, the intervention 
was supervised by a physical therapist (studies 2–4, 6, 10, 13, 14, 16 and 17). Other 
studies generally used an exercise leader as supervisor (table 2). The duration of the 
intervention varied from 5 weeks to 18 months. In all studies, intervention effects were 
evaluated directly post-intervention. In addition, five studies (studies 2, 4, 8, 13 and 
14) also had a long-term follow-up evaluation.  
 
Objective 1: physical exercise therapy compared with no exercise 
Mobility 
All ten included studies used one or more outcome measures on mobility. Six of these 
ten studies (60%) found a significant effect of exercise on mobility (table 2: studies 2–4, 
6, 9 and 10). Seven studies reported sufficient data to be pooled in a meta-analysis 
(studies 1, 2, 5 and 7–10). The results of the meta-analyses are reported in table 3. An 
overall small positive effect of physical exercise therapy on mobility was found based 
on final values (SMD: 0.18; 95% CI: 0.05, 0.30; I2: 9%). Based on the change score in 
study 5, a large positive effect (SMD: 0.82; 95% CI: 0.54, 1.10) was found (table 3). The 
three studies that could not be pooled in the meta-analysis because of insufficient data 
(studies 3, 4 and 6) all reported a significant intervention effect in favor of the exercise 
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group (table 2). There seemed to be no difference in the effectiveness of short 
interventions (SMD: 0.20; 95% CI: −0.20, 0.61; I2: 49%) compared with interventions of 
longer duration (SMD: 0.19; 95% CI: 0.02, 0.36, I2: 15%). An exception was the only 
study using change scores by Jette et al. (1999; study 5). This study found a large 
effect (SMD: 0.82; 95% CI: 0.54, 1.10) of an exercise intervention of 6 months' duration. 
 
Physical functioning 
Five of the ten studies used physical functioning as an outcome (studies 4–8) and four of 
them (80%) found a significant effect (table 2: studies 4, 5, 7 and 8). Three studies 
were included in the meta-analysis (table 3: studies 5, 7 and 8) and a small to large 
positive effect of exercise interventions on physical functioning was found (SMD final 
value study 8: 0.27; 95% CI: 0.08, 0.46; SMD change values: 2.93; 95% CI: 2.50, 3.36; I2: 
27%). No short interventions were included in this meta-analysis. One of the studies 
that could not be pooled reported a significant intervention effect (study 4) and one 
did not find a significant effect on physical functioning (study 6). 
 
Physical activity 
Only three studies evaluated their intervention on the level of physical activity (studies 
1, 2 and 9). None of these studies found a significant effect. Two of these studies could 
be pooled in a meta-analysis (studies 1 and 9) and these analyses showed no effect 
(table 3, SMD: 0.08; 95% CI: −0.18, 0.35; I2: 0%). 
 
Quality of life 
Quality of life was measured in four studies (studies 1, 3, 7 and 9) and no significant 
effects were found. Two studies (studies 1 and 9) reported sufficient data to perform a 
meta-analysis (table 3). Overall, no exercise effect on quality of life was shown (SMD: 
0.05; 95% CI: −0.21, 0.31; I2: 0%).  
 
Objective 2: high-intensity exercise therapy compared with low-intensity exercise 
therapy 
Mobility 
Mobility was measured in six out of seven high-intensity versus low-intensity exercise 
studies (table 2: studies 11, 14–18) and only two of them found a significant 
intervention effect (33%) (table 2: studies 11 and 16). The study by Krebs et al.45 (study 
16), that did find a significant effect, could not be pooled in the meta-analysis because 
of insufficient data. The other study that found a significant effect, a small sample, 
short-term intervention study by Bean et al.39 (study 11) showed a moderate positive 
effect on mobility (SMD: 0.43; 95% CI: −0.43, 1.30). Pooling of all other studies 
however, resulted in no difference in effect between high-intensity exercise 
interventions and low-intensity exercise interventions (SMD: −0.05; 95% CI: −0.25, 0.15; 
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I2: 0%), either of short duration (SMD: −0.09; 95% CI: −0.35, 0.18; I2: 0%) or of long 
duration (SMD: 0.0; 95% CI: −0.32, 0.32; I2: 0%) (table 3). 
 
Physical functioning 
Physical functioning was evaluated in five out of seven high intensity exercise studies 
versus low-intensity exercise studies (studies 11, 12, 15, 17 and 18), while three studies 
(table 2: studies 12, 15 and 17) found a significant effect (60%). Four studies (studies 
11, 12, 15 and 18) were pooled in a meta-analysis resulting in a small positive effect of 
high-intensity physical exercise therapy compared with low-intensity exercise therapy 
(SMD final value: 0.22; 95% CI: −0.17, 0.62; I2: 67%; SMD change value: 0.38; 95% CI: 
−0.48, 1.25) (table 3). No difference between a high-intensity intervention of short 
duration (SMD final value study 18: 0.13; 95% CI: −0.34, 0.61; and SMD change value 
study 11: 0.38; 95% CI: −0.48, 1.25) and high-intensity interventions of long duration 
(SMD: 0.26; 95% CI: −0.35, 0.87; I2: 83%) was found. The short intervention study by 
Nitz and Choy (2004; study 17) could not be pooled in the meta-analysis, but did find a 
significant intervention effect (table 2). 
 
Physical activity 
Physical activity was evaluated in one study of short duration (study 14) and no 
significant effect was found (SMD: 0.14; 95% CI: −0.31, 0.59). 
 
Quality of life 
Five of the seven included high-intensity exercise versus low intensity exercise studies 
(studies 11, 12, and 14–16) used quality of life as an outcome. Two studies (29%) found 
a significant intervention effect (table 2: studies 12 and 14). Three studies (studies 11, 
12 and 16) could not be pooled because of insufficient data. Pooling of the remaining 
two studies (studies 14 and 15) resulted in a small effect (SMD: 0.30; 95% CI: 0.04, 
0.56; I2: 12%) of high-intensity exercise compared with low-intensity exercise on quality 
of life. The short intervention by Helbostad et al.42,43 (study 14) (SMD: 0.51; 95% CI: 
0.05, 0.96; I2: not applicable) resulted in a larger SMD than the intervention of long 
duration by King et al.44 (study 15) (SMD: 0.21; 95% CI: −0.11, 0.52; I2: not applicable). 
The 95% CIs are, however, inconclusive and overlapping. 
 
Objective 3: studies using individual interventions versus studies using group 
interventions 
Physical exercise therapy versus no exercise 
Considering mobility, five studies that could be pooled in the meta-analysis used a 
group intervention (studies 1, 2, and 8–10) and two used an individual intervention 
(studies 5 and 7). The studies using an individual intervention found a small to large 
effect on mobility (SMD final value study 7: 0.22; 95% CI: −0.24, 0.68; SMD change value 
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study 5: 0.82, 95% CI: 0.54, 1.10) and the studies consisting of a group intervention 
found no significant effect (SMD: 0.18; 95% CI: 0.01, 0.35; I2: 27%). The studies that 
could not be pooled, but did find a significant effect on mobility (studies 3, 4 and 6), 
all consisted of an individual intervention. 
Of the studies that could be pooled in the meta-analyses and used physical functioning 
as an outcome measure, one study used a group exercise intervention (study 8) and two 
an individual exercise intervention (studies 5 and 7). A large effect was found for the 
individual interventions (SMD: 2.93; 95% CI: 2.50, 3.36; I2: 27%) and a small effect for 
the group intervention (SMD: 0.27; 95% CI: 0.08, 0.46). The studies that could not be 
pooled in the meta-analyses (studies 4 and 6) both consisted of an individual 
intervention. As mentioned before, study 4 found a significant effect on physical 
functioning and study 6 did not. 
With regard to physical activity and quality of life, no conclusions can be drawn about 
the effectiveness of group interventions compared with individual interventions. All 
included studies that measured physical activity consisted of group exercise. And, for 
quality of life, studies 1 and 9 consisted of a group exercise intervention, while studies 
3 and 7 used an individual intervention. Because studies 3 and 7 could not be included 
in the meta-analysis, no conclusions can be drawn about the effectiveness of group 
interventions compared with individual interventions. 
 
High-intensity exercise therapy versus low-intensity exercise therapy 
Of the studies that reported sufficient data to be included in a meta-analysis (studies 
11, 12, 14, 15, 17, 18), some studies compared a high-intensity group intervention with 
a low-intensity individual intervention (studies 12, 14 and 15), other studies compared 
a high-intensity individual intervention with a low-intensity individual intervention 
(studies 11 and 18), and finally, there was also a study in which a comparison was made 
between a high-intensity group intervention and a low-intensity group interventions 
(study 17). In our opinion, it would only be useful to compare the SMD of the studies 
using individual interventions of high and low intensity (studies 11 and 18) with the SMD 
of the studies using group interventions of high and low intensity (study 17). The reason 
for this is that, in studies in which a group intervention is compared with an individual 
intervention, both groups also differ in intensity. Therefore, the SMD score probably 
gives a representation of the effect of a difference in intensity level between both 
groups rather than the effect of group or individual exercise.  
Considering mobility, study 17, which compared group interventions of different 
intensity levels, found no effect (SMD: 0.00; 95% CI: −0.46, 0.46). The studies that used 
individual interventions of different intensity levels differed in their found effects. 
Study 18, based on final values, found no effect (SMD: −0.05; 95% CI: −0.52, 0.43) and 
study 11, based on change scores, found a small effect (SMD: 0.43; 95% CI: −0.43, 
1.30). With regard to the other outcome measures, physical functioning, physical 
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activity and quality of life, no analyses could be carried out because only studies that 
compared individual interventions of different intensity levels were performed. 
 
Objective 4: intervention type 
Our fourth objective was to investigate if specific intervention types are more effective 
than others. The study types varied a lot. Strength training, balance training, 
functional and task-related training, endurance and mobility training were most 
common (see table 2, column 4). However, most interventions (n=9) consist of a multi-
component intervention. Other intervention types were so specific that they were only 
scarcely represented in this sample of studies, making it hard to compare these 
intervention types in a meta-analysis. Therefore, we had to decide that a meta-analysis 
is not appropriate to answer the question which intervention type is most effective. 
However some remarkable findings are described in table 2. When we studied the SMDs 
of significant intervention effects, we saw that three studies (studies 5, 7 and 11) found 
very high SMDs compared with the other studies representing a large intervention 
effect. Jette et al.32 (study 5) and Nelson et al.34 (study 7) found a large intervention 
effect on physical functioning and Bean et al.39 (study 11) on mobility. These three 
studies have in common that the intervention contains an important strength training 
component. Besides strength training, behavioral and cognitive strategies to enhance 
attitude towards exercise and maximize adherence are applied in the study by Jette et 
al.32 (study 5). The intervention in the study by Nelson et al.34 (study 7) combines 
strength training with balance exercise and own-choice physical activity. The small 
sample study of Bean et al.39 (study 11) consists of a very specific task-related strength 
intervention. 
 
Objective 5: long-term effect 
Only five studies (studies 2, 4, 8, 13 and 14) used a follow-up measurement after the 
intervention had ended: three studies that compared a physical exercise therapy 
intervention with no exercise intervention (studies 2, 4 and 8), one study compared a 
high-intensity exercise intervention with a low-intensity exercise intervention (study 
14) and one study compared two interventions of similar intensity, but performed in 
different settings (study 13). Data were either insufficient to perform a meta-analysis 
or not comparable because of the great variation in follow-up duration. Therefore we 
decided not to perform a meta-analysis on long-term follow-up. Based on the study 
descriptions (table 2), we can say that only Gill et al.30,31 (study 4) found significant 
effects 6 months after the intervention had ended. The intervention used in the study 
by Gill et al.30,31 (study 4) consisted of a personalized intervention. The content, 
frequency and intensity of the intervention varied according to the personal 
characteristics and the level of physical functioning of the participant. 
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Table 1. Methodological quality of included studies (PEDro score)  
 
Study  
 
Randomization Allocation 
concealment 
Baseline 
similarity 
Blinding of 
subjects 
Blinding of 
therapists 
1.Barnett27 + + + - - 
2.Beyer28  + + + - - 
3.Chandler29 + - + - - 
4.Gill30 and Gill31 + + + - - 
5.Jette32  + + + - - 
6.Luukinen33  + - + - - 
7.Nelson34   + - + - - 
8.Pahor 35 and Rejeski36 + - + - - 
9.Rubenstein37  + + + - - 
10.Sherrington 38  + + + - - 
11.Bean et al.39 + - + - - 
12.Binder40 + + + - - 
13.Comans 41 + + + - - 
14.Helbostad42  and Helbostad43  + + + - - 
15.King44  + - + - - 
16.Krebs 45  + + - + - 
17.Nitz and Choy 46  + + + - - 
18.Rosie and Taylor 47  + - + - - 
 
Table 2. Study description. White rows represent studies that could be included in the meta analysis for 
at least one of the selected outcome measures, and dark grey rows represent studies that could 
not be included in the meta analysis 
 
Study nr, first 
author, refnr 
Sample Intervention goal Intervention type 
Exercise vs no exercise studies 
1.Barnett 27  Age ≥65 years. PF: One or more 
physical impairments 
Exclusion: cognitive impairment, 
degenerative conditions, 
neuromuscular, skeletal or 
cardiovascular condition that 
precluded taking part in an 
exercise program 
Fall reduction 1.Group exercise (n=83) balance, 
coordination, aerobic capacity, 
muscle strength + home exercise. 
2.Written information about fall 
prevention (n=80). Non-exercise 
activity.  
 
Exercise Instructor  
2.Beyer 28  Age: 70-90 years, PF: recently 
fallen for which the emergency 
room was visited, but no 
hospitalization. Exclusion criteria: 
fractures, neurological disease, 
MMSE < 24 
 
 
Improving 
physiological, 
functional and 
psychological risk 
factors for 
disability 
1.Group exercise (n=32) (strength 
and balance)  
2.(n=33) Control group: no 
activity 
 
PT 
 
3.Chandler 1998  Age > 64. PF: ≥ 3 on Reuben's 
advanced ADL scale, unable to 
descent stairs step over step 
without holding the railing 
Exclusion: terminal illness, severe 
unstable cardiac disease, severe 
neurologic disease, blindness, 
amputation. 
Improving strength 
and physical 
performance  
1.home exercise (n=50): 
progressive resistance training 
lower extremity.  
2. No activity (n=50) 
 
PT 
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Blinding of 
assessors 
Less than 15% 
dropouts  
Intention to treat 
analysis  
Between intervention 
statistical comparison 
Both point measures 
and measures of 
variability are provided 
Score 
+ + + + + 8
- - + + + 6
+ + - + + 6
+ + + + - 7
+ + - + + 7
+ - + + + 6
+ + + + + 7
+ + + + + 7
+ + - + + 7
- + + + + 7
+ + + + + 7
- + - + + 6
+ - + + + 7
+ + + + + 8
+ - + + + 6
+ + + + + 8
+ - - + + 6
+ + + + + 7
 
 
 
 
 
 
Intervention 
frequency/ duration 
Outcome measures 
and follow up time 
Significant between Group effects 
(SMD: 95% CI) on selected outcomes 
Meta analysis
 
1 year, once a week, 
1 hour (total 37 
classes) + home 
exercise. 
Total: 37 hours + 
home exercise 
 
 
Mobility: WS, timed 
chair stands Physical 
activity: PASE. Quality 
of life: SF-36.  
 
6 months  
6 months
No significant between group effects on 
selected outcomes  
Mobility: WS
Physical activity: 
PASE 
Quality of life: 
SF-36 
 
 
6 months, twice a 
week, 60 minutes.  
Total: 52 hours 
Mobility: habitual WS, 
rapid WS, timed chair 
stands, stair climbing 
time. Physical activity: 
self reported PA level.  
 
6 and 12 months  
6 months 
Mobility:  
-habitual WS (0.55: 0.05, 1.05)  
-RWS (0.38:-0.12,0.87)  
-timed chair stands (-0.63:-1.13,-0.13)  
-stair climbing test (-0.72:-1.22,-0.22)  
12 months 
no significant between group effects 
Mobility: habitual 
WS 
 
PA level 
excluded: 
standard 
deviations not 
reported 
10 weeks, 3 times a 
week 
Total: ? 
Mobility: mobility skill, 
WS, 6MWT. Quality of 
life: SF- 36 
 
10 weeks  
 
 
 
10 weeks
Mobility:  
-mobility skills  
-WS   
No: means and 
standard 
deviations of 
follow up not 
reported 
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Study nr, first 
author, refnr 
Sample Intervention goal Intervention type 
4.Gill 30 and  
Gill 31  
Age > 65. PF : > 10 s on rapid gait 
test or unable to stand from a 
chair without using the arms. 
Exclusion : nonambulatory, 
receiving PT, participating in 
exercise, MMSE< 20, life 
expectancy < 12 months, stroke, 
hip fracure, hip/ knee 
replacement, myocardial 
infarction : last 6 months 
 
 
 
 
 
Preventing 
functional decline  
1.home based assessment (n=94) 
using an algorithm which 
determines the intervention  
2. 
educational program by health 
educator (n=94) 
 
PT 
5.Jette 32  Age > 60. PF: at least 1 of 9 
functional limitations on physical 
function subscale of SF-36. 
Exclusion: cancer, dialysis, recent 
fracture, uncontrolled diabetes, 
wheelchair use, rehabilitation 
care, training, blindness, loss of 
coordination, contraindication for 
exercise 
 
Improving strength, 
balance, mobility 
and therefore 
enhancing 
wellbeing and 
reducing disability 
1.home based strength training 
(n=107) using elastic bands + 
cognitive and behavioral 
strategies to  enhance attitude 
related to exercise and to 
maximize adherence.  
2.waiting list (n=108) 
 
Trained leader 
6.Luukinen 33 Age > 85. PF: recurrent falling, 
loneliness, poor self rated health, 
depression, low cognitive status, 
impaired vision/ hearing, low 
walking speed, ability to stand up 
from a chair. Exclusion: not 
specified 
Disability 
prevention 
1.personalized home exercise 
(n=243)  
2.usual care (n=243) 
 
PT and OT 
7.Nelson 34 Age > 70. PF: self report of at 
least 2 functional limitations  
Exclusion: unstable cardiovascular 
disease, psychiatric disorders, 
neurological, muscular disease, 
cognitive impairment: MMSE < 23, 
terminal illness 
 
Improving 
functional 
performance  
1.home based exercise: balance 
and strength (n=34), + 120 min. 
of physical activity (of own 
choice) a week. 2.nutrition 
education (n=38) 
 
Exercise physiologist  
8.Pahor 35  Age> 70. PF: able to walk 400 
meters within 15 minutes, but 
SPPB ≤ 9. Exclusion: heart failure, 
uncontrolled pulmonary disease, 
chest pain during 400 meter walk 
test, severe arthritis, cancer, 
Parkinson’s disease, terminal 
illness, MMSE< 21, acute 
conditions 
 
 
 
 
 
Improving physical 
performance 
1.PA (n=213): physical activity 
(aerobic, strength, balance, 
flexibility) in three phases. + 
behavioral counseling sessions to 
increase PA  
2.SA (n=211): successful aging: 
health education. First 26 weeks, 
weekly, than, monthly 
 
Not described   
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Intervention 
frequency/ duration 
Outcome measures 
and follow up time 
Significant between Group effects 
(SMD: 95% CI) on selected outcomes 
Meta analysis
6 months: average 16 
visits. Actual 
frequency and 
intensity: 
personalized.  
Mobility: rapid WS, 
timed chair stands. 
Physical  function: 
PPT, POMA, IADL 
score, disability score. 
 
3,7 and 12 months  
3 months
no significant between group effects 
7 months:   
Mobility:  
-rapid WS.  
Physical function  
-POMA 
-disability score   
-IADL disability score. 
12 months  
Mobility  
-Timed chair stands 
Physical function  
-disability score  
-PPT. 
No: standard 
deviations of follow 
up not reported  
6 months, 3 times a 
week, 35 minutes. 
Total: 45,5 hours 
Mobility: TUG. 
Physical function:  SIP, 
physical disability 
score, overall 
disability score.  
 
3 months  
3 months 
Physical function  
-physical disability score (-0.86:-1.14,-
0.58)  
6 months  
Physical function  
-physical disability score (-2.66:-3.03,-
2.29) 
-overall disability score (-2.79: -3.17,-
2.41) 
Mobility: TUG, 
Physical function: 
Overall disability 
score 
17 months, frequency 
and duration depends 
on patient 
characteristics 
Mobility: mobility 
score, WS, chair 
stands (repetitions). 
Physical function: ADL 
score.  
 
17 months  
17 months 
Mobility 
-mobility score 
No: means and 
standard deviations 
not reported 
6 months, 3 times a 
week + 120 minutes 
of physical activity 
per week.  
Total: 52 hours of 
physical activity + 
strength and balance 
exercise 
Mobility: rapid WS, 
6MWT. Physical 
function: PPT, SPPB. 
Quality of life: SF-36 
 
6 months  
6 months 
Physical function  
-PPT (5.74: 4.67,6.80) 
-SPPB (3.27: 2.55, 3.99) 
 
Mobility: rapid WS, 
Physical function: 
SPPB 
 
Quality of life 
excluded: data not 
reported  
Total: 12 months. 
First phase (week 1-
8): 3 times per week, 
60 minutes center 
based, phase 2 (week 
9-24): 2 times per 
week center based, 
60 minutes + home 
based exercise ≥ 3 
times a week. 
 
 
 
 
Mobility: 400 MWT. 
Physical function: 
SPPB 
 
12 and 36 months 
12 months 
Physical function  
-SPPB (0.27:0.07,0.46)  
36 months 
No significant between group effects  
Mobility: 400 MWT, 
Physical function: 
SPPB 
4 
Managing the decline: physical therapy in frail elderly 
76 
Study nr, first 
author, refnre 
Sample Intervention goal Intervention type 
 
 
 
 
 
 
 
 
 
 
 
 
9.Rubenstein 37 Age > 70. PF: fall risk: lower 
extremity weakness, impaired 
gait, impaired balance, fallen in 
the previous 6 months.  
Exclusion: regular exercise, 
severe cardiac or pulmonary 
disease, terminal illness, severe 
joint pain, dementia, depression, 
progressive neurologic disease  
Improving muscle 
strength, gait, 
balance and 
endurance. 
Secondary: 
improving fall rate, 
self reported 
health measures 
and activity levels  
1.group exercise (n=31), 
strength, endurance and 
balance,  
2. control group (n=28): regular 
activity 
 
Exercise physiology graduate 
students  
10.Sherrington 
38  
Age: >64 years. PF: mobility 
impaired: difficulty walking, 
standing up, stair climbing, 
unsuitable for community 
exercise. Exclusion: 
contraindication for exercise, 
currently other rehabilitation 
 
Improving mobility 
and lower 
extremity strength 
1.task related exercise (n=88) 
2. waiting list control group 
(n=85) 
 
PT 
Exercise vs exercise studies
11.Bean39  Age > 70. PF: 4-10 on SPPB. 
Exclusion: unstable acute or 
chronic medical conditions, MMSE 
< 23, conditions interfering with 
exercise 
Improving leg 
power, balance and 
mobility  
1.weighted vest training (n=10): 
task specific progressive 
resistance training.  
2. Slow, low intensity chair based 
exercise (n=11) 
 
Intervention group: research 
coordinator. Control group: not 
described 
 
 
12.Binder40  Age > 78. PF: two of three frailty 
criteria: 18-32 on SPPB, difficulty 
in 1 ADL or 2 IADL, Vo2peak of 
less than 10-18 ml/kg/ 
min.Exclusion criteria: 
neuromuscular disorder, cognitive 
impairment, cancer, smoking, 
chronic corticosteroid use. 
Reduction of frailty 1.exercise (n=69): three phases 
of three months. 1st phase: 
flexibility, balance, coordination, 
speed of reaction and modest 
strength, 2nd phase, strength, 
3th phase: endurance. 3 times a 
week.  
2. (n=50) home exercise: low 
intensity 
 
Intervention group: exercise 
physiology technicians. Control 
group: not described  
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Intervention 
frequency/ duration 
Outcome measures 
and follow up time 
Significant between Group effects 
(SMD: 95% CI) on selected outcomes 
Meta analysis
Phase 3 (week 25-
52): home based 
exercise. + 10 
sessions group based 
behavioral counseling 
first 10 weeks. Total: 
54 hours center 
based exercise + 
home based exercise 
+ 10 hours 
counseling. 
  
12 weeks, 3 times 
per week for 90 
minutes 
Total: 54 hours 
Mobility: 6MWT, chair 
stands (repetitions), 
POMI gait, indoor 
obstacle course. 
Physical activity:  
YPAS Survey. Quality 
of life: SF-36 
 
12 weeks  
12 weeks 
Mobility  
-6MWT (0.47: -0.05,0.99)   
-POMI gait (0.51:  
-0.01,1.03)  
  
Mobility: 6MWT, 
Physical activity: 
YPAS 
5 weeks, 1 hour per 
week 
Total: 5 hours 
Mobility: habitual WS, 
6MWT, timed chair 
stands.  
 
5 weeks  
5 weeks 
Mobility  
-habitual WS (0.05:  
-0.25,0.34)  
-6MWT (0.01: -0.29,0.31) 
-timed chair stands (0.18:  
-0.12,0.48)  
  
Mobility: habitual 
WS 
 
Intervention and 
control: 12 weeks, 3 
times a week, 30 
minutes. Total: 18 
hours 
Mobility: WS, timed 
chair stands. Physical 
function: SPPB. 
Quality of life: SF-36. 
 
12 weeks  
12 weeks 
Mobility  
-timed chair stands (-2.5: 
-4.32,-0.68) 
 
Mobility: WS, 
Physical function: 
SPPB 
 
Quality of life 
excluded: no data 
reported. Muscle 
function excluded: 
change scores not 
reported for both 
groups 
Intervention: 
9 months, 3 times 
per week. Total: ? 
Control: 9 months,  
2-3 times per week. 
Total: ? 
Physical function: 
PPT, FSQ. Quality of 
life: SF-36.  
 
3,6 and 9 months  
3 months 
Physical function  
-PPT (0.26:-0.10,0.63)  
-FSQ (0.08:-0.28,0.45)  
6 months 
Physical function  
-PPT (0.47:0.10-0.84)  
-FSQ (0.59:0.22,0.96)  
9 months  
Physical function  
-PPT (0.58:0.21,0.95)  
-FSQ (0.83:0.45,1.21) 
Quality of life  
-SF-36 change in health score  
Physical function:
PPT 
 
Quality of life 
excluded: means and 
standard deviations 
not reported  
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Study nr, first 
author, refnr 
Sample Intervention goal Intervention type 
13.Comans 41  Age > 60. PF: referred for falls or 
functional decline 
Exclusion: high level of care, non 
ambulant, unable to participate 
due to cognitive or physical 
function 
Improving fall rate 1.centre based exercise (n=52): 
balance strength and functional 
tasks and education, + home 
exercise  
2.idem, but home based (n=55) 
 
PT and OT 
14.Helbostad 42 , 
Helbostad 43  
Age > 75. PF: at least one of 
following: suffered at least 1 fall 
in last year, walking aid indoors 
or outdoors 
Exclusion: exercise > 1 a week, 
terminal illness, cognitive 
impairment, stroke in last 6 
months, not able to exercise 
 
 
 
 
Improving health 
related quality of 
life and ambulatory 
capacity  
1.progrssive strength training 
(n=39) functional strength and 
functional balance  
2.home exercise: (n=38) non 
progressive : balance, lower 
extremity strength 
 
PT 
15.King 44  Age: >70. PF: SPPB ≤ 9. Exclusion: 
MMSE ≤ 24, myocardial infarction, 
bypass surgery, uncontrolled 
hypertension, terminal illness, 
Parkinson’s disease, amputation, 
very low vision 
 
 
 
 
 
 
 
 
 
 
 
 
Improving physical 
performance  
1.Exercise: (n=80) strength, 
endurance, flexibility  
2.home exercise aimed at 
flexibility (n=75) 
 
Exercise leaders  
16.Krebs 45  Age > 60. PF: ≥ 1 impairment on 
SF-36 physical function subscale. 
Exclusion: unable to ambulate < 
15 meters, terminal illness, 
progressive neurological disease, 
loss of vision, acute pain 
Improving ankle 
power during 
locomotion and 
therefore 
decreasing 
functional 
limitations 
1.strength training (ST) using 
elastic bands (n=6), progressive 
resistance  
2.functional training (FT) (n=9) 
at different speeds, progressing 
levels of difficulty 
 
PT  
17.Nitz and 
Choy 46  
Age > 60. PF: fallen within 
previous year. Exclusion: unstable 
cardiac disease 
Fall prevention 1.balance strategy training 
(n=37)  
2.control (n=36): low intensity 
exercise class 
 
PT 
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Intervention 
frequency/ duration 
Outcome measures 
and follow up time 
Significant between Group effects 
(SMD: 95% CI) on selected outcomes 
Meta analysis
Intervention: 
8 weeks, once per 
week + home 
exercise 2 times per 
day, 10 minutes. 
Total: 26,67 hours  
 
Mobility: TUG. 
Physical activity: FAI. 
Quality of life:  EQ-5D. 
 
8 weeks and 6 months 
8 weeks 
No significant effects on selected 
outcomes 
6 months  
No significant effects on selected 
outcomes  
No: comparison 
between two similar 
interventions centre 
based versus home 
based. 
Intervention: 
12 weeks: twice a 
week, 60 minutes. 
Total: 24 hours. 
Control: 12 weeks, 
two times a day. 
Total: ?  
Mobility: Rapid WS, 
habitual WS, timed 
chair stands, TUG, 
walking while 
changing direction, 
max. step length. 
Physical activity: 
number of walks, 
walking time. Quality 
of life: SF- 36.  
 
3 and 9 months  
3 months 
Quality of life  
-SF:-36 role emotional (0.33:-
0.12,0.78) 
 9 months  
no significant between group effects   
Mobility: habitual 
WS, Physical 
activity: walking 
time. Quality of life: 
SF-36  
 
 
Total: 18 months in 
three phases. First 6 
months: 3 times a 
week center based, 
75 minutes, 2nd 6 
months: once a week 
center based 75 
minutes, 2 times a 
week home.3th 6 
months: 3 times a 
week at home. Total: 
130 hours center 
based + home 
exercise. Control: 
180 minutes a week 
home based. Total: 
234 hours home 
based 
Mobility: 6MWT, 
habitual WS, rapid WS. 
Physical function: 
PPT, MacArthur scale. 
Quality of life: SF-36 
physical scale. 
 
3,6 and 12 months   
3 months 
Physical function  
-MacArthur Scale (0.05:  
-0.27,0.36) 
6 months  
Physical function  
-MacArthur Scale (0.23:  
-0.08, 0.55) 
12 months  
Physical function  
-MacArthur Scale (0.24:  
-0.08,0.55) 
18 months  
no significant between group effects.   
Mobility: habitual 
WS, Physical 
function: PPT, 
Quality of life: SF-36
Intervention and 
control: 6 weeks, 3-
5, days a week, 50 
minutes Total: ? 
 
 
Mobility: habitual WS, 
kinematic gait and 
chair rise analysis. 
Quality of life: SF-36. 
 
6 weeks  
 
 
6 weeks 
Mobility  
-habitual WS for FT compared to ST  
 
No: means and 
standard deviations 
not reported.  
Intervention: 10 
weeks, once a week, 
1 hour. Total: 10 
hours 
Control: 10 weeks, 
one a week, 40 
minutes. Total: 6,67 
hours 
Mobility: TUG. 
Physical function: 
COVS 
 
10 weeks  
10 weeks 
Physical function  
-COVS  
Mobility: TUG
 
COVS excluded: no 
data. Number of 
falls excluded: no 
standard deviations 
reported  
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Study nr, first 
author, refnr 
Sample Intervention goal Intervention type 
18.Rosie and 
Taylor 47  
Age > 80 years. PF: sedentary and 
mobility limited: > 1 physical 
impairment on SF-36 physical 
subscale  
Exclusion: receiving 
physiotherapy, medically 
unstable, contraindication for 
exercise 
 
Improving 
functional 
performance  
1.Functional exercise (34): sit to 
stand with grand stand system, 
daily, progressing from 10 
repetitions a day to 50 
repetitions a day.  
2.low-intensity knee extensions 
(n=34), daily, progressing from 
1x8 repetitions without weight to 
2x10 repetitions with 4kg weight, 
6 weeks 
 
Not described 
PF = physical functioning, PT= physical therapist. OT= occupational therapist.SMD= standardized mean 
difference. WS = walking speed, YPAS = Yale Physical Activity Survey, SPPB : short physical performance 
battery, GARS: Gait abnormality rating scale, 6MWT: 6 meter walking test, PASE: physical activity scale 
for the elderly, SF-36: short form health survey SF-36( quality of life), SIP: Sickness Impact Profile, EQ-
5D: euro quol (quality of life), FAI: Frenchay Activity Index, FSQ: Functional Status Questionnaire, POMI: 
performance oriented mobility index, 1RM= 1 repetition maximum, PA = physical activity, BBS= Berg 
Balance Scale, 400MWT = 400 meter walking test, COVS: clinical outcomes variable scale 
 
 
 
 
Table 3. Meta analysis on mobility, physical function, physical activity and quality of life for exercise 
versus no exercise studies and high intensity versus low intensity exercise studies.  
 
Outcome SMD and 95% CI for exercise versus no exercise studies  
  Overall  ≤3 months >3months 
Mobility 
SMD based on final 
value 
0.18                0.05,0.30
Study : 1, 2, 7, 8, 9, 10 
ne=481, nc=475 
0.20              -0.20, 0.61
Study: 9, 10 
ne=119, nc=113 
0.18                0.04,0.33
Study: 1, 2, 7,8 
ne=362, nc=362 
SMD based on change 
scores 
0.82               0.54,1.10
Study 5 
ne=107, nc=108 
- 0.82               0.54,1.10
Study 5 
ne=107, nc=108 
Physical functioning 
SMD based on final 
values 
0.27               0.08, 0.46
Study 8 
ne=213, nc=211 
- 0.27               0.08, 0.46
Study 8 
ne=213, nc=211 
SMD based on change 
values  
2.93               2.50,3.36
Study : 5, 7 
ne=141, nc=146 
- 2.93               2.50,3.36
Study : 5, 7 
ne=141, nc=146 
Physical activity  
SMD base don final 
values 
0.08              -0.18, 0.35
Study: 1, 9 
Ne=114, Nc=108 
-0.07             -0.58, 0.44
Study: 9 
ne=31, nc=28 
0.14              -0.17, 0.45
Study: 1 
ne= 83, nc=80 
Quality of life  
SMD based on final 
values  
0.05              -0.21, 0.31
Study 1, 9 
ne=114, nc=108 
0.23              -0.28, 0.74
Study : 9 
ne=31, nc=28 
-0.01             -0.32, 0.29
Study : 1 
ne=83, nc=80 
ne= n in experimental group, nc= n in control group, nh= n in high intensity exercise group, nl= n in low 
intensity exercise group  
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Intervention 
frequency/ duration 
Outcome measures 
and follow up time 
Significant between Group effects 
(SMD: 95% CI) on selected outcomes 
Meta analysis
Intervention and 
control: 6 weeks, 
daily 
Total: ?  
Mobility: habitual WS, 
chair stands 
(repetitions). Physical 
function: function and 
disability instrument. 
 
6 weeks  
 
 
 
 
 
6 weeks 
no significant between group effects 
on selected outcomes 
Mobility; habitual 
WS, Physical 
function: function 
and disability 
instrument.  
 
 
 
 
 
 
 
 
 
 
SMD and 95% CI for high intensity versus low intensity physical exercise interventions  
Overall ≤3 months >3months 
-0.05             -0.25,0.15 
Study: 14, 15, 17, 18 
nh=241, nl=238 
-0.09             -0.35, 0.18
Study: 14, 17, 18 
nh=162,nl=163 
0.0               -0.32, 0.32
Study 15 
nh=80, nl=75 
0.43             -0.43, 1.30 
Study: 11 
nh=10, nl=11 
0.43            -0.43, 1.30
Study 11 
nh=10, nl=11 
-
0.22              -0.17, 0.62 
Study : 12, 15, 18 
nh=183, nl=159 
0.13              -0.34, 0.61
Study : 18 
nh=34, nl=34 
0.26             -0.35, 0.87
Study : 12, 15 
nh= 149, nl=125 
0.38             -0.48, 1.25 
Study 11 
nh=10, nl=11 
0.38            -0.48, 1.25
Study 11 
nh=10, nl=11 
-
0.14              -0.31, 0.59 
Study 14 
nh=39, nl=38 
0.14              -0.31, 0.59
Study 14 
nh=39, nl=38 
-
0.30              0.04, 0.56 
Study 14, 15 
nh=119, nl=113 
0.51               0.05,0.96
Study : 14 
nh=39, nl=38 
0.21              -0.11, 0.52
Study 15 
nh=80, nl=75 
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Discussion 
This meta-analysis shows that physical exercise therapy has a positive effect on 
mobility and physical functioning in mobility limited and/or physically disabled elderly 
patients. The effects of physical exercise therapy on the outcomes physical activity and 
quality of life are not evident. Both short interventions and interventions of longer 
duration seem to result in a positive effect. High-intensity exercise therapy seems to be 
somewhat more effective in improving physical functioning than low-intensity exercise 
therapy. Also, some evidence suggests a positive effect of high intensity exercise 
therapy compared with low-intensity exercise therapy on quality of life. Individual and 
group interventions are both able to produce positive effects on mobility and physical 
functioning. The effect of individual interventions seems to be somewhat larger than 
the effect of group interventions, mainly considering physical functioning. This is, 
however, based on pooling of only a few studies. No general conclusions about the most 
effective type of intervention can be drawn. However, the description of the included 
studies suggests that strength training may be important in gaining functional effects 
and personalized physical exercise therapy may result in long-term benefits. 
To our knowledge, this is the first meta-analysis on the effect of physical exercise 
therapy in elderly patients with mobility problems and/or physical disability and/or 
multi-morbidity. The fact that we only found small to moderate effects of physical 
exercise therapy interventions in this meta-analysis might be inherent to the study 
population. Even though disability is assumed to be a dynamic process from which 
recovery is possible, recovery is often transient.7,20 Newly disabled people are able to 
regain some physical functioning, but they are at high risk of recurrent disability. 
Therefore very large effects should not be expected when studying already physically 
impaired older adults. Moreover, even a small positive intervention effect in this 
population, as found in this study on both mobility and physical functioning, can be 
considered of great value and clinical relevance because progressing decline in mobility 
and physical functioning are common and considered to be a major health concern.48 
Moreover, people with better mobility are more likely to stabilize or to improve their 
level of frailty.49 Therefore, older adults with mobility problems and/or disability with 
or without multi-morbidity should explicitly be encouraged to engage in (high-intensity) 
exercise and to perform strength training. The physical activity guideline that is best 
known and widely accepted is the guideline from 1995 developed by the US Centres for 
Disease Control and Prevention and the ACSM.50 It states that at least 30 min of 
moderate-intensity physical activity on most, preferably all, days of the week should be 
done. More recently, these guidelines have been revised and some new specifications 
have been given.2 One of the changes compared with the 1995 recommendations is that 
there is a greater emphasis on high-intensity exercise and the recommendations also 
include muscle-strengthening activities. The results of this meta-analysis are, in 
general, supportive of these recommendations. Physical activity recommendations, 
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however, are mostly aimed at the healthy part of the population of older adults. The 
results of this meta-analysis suggest that they might also apply to the population of 
older adults with mobility problems and/or physical disability with or without multi-
morbidity. Following the United States, Canada has also revised its physical activity 
guidelines.51 In Europe, on the contrary, policy is mostly still based on the 1995 
recommendations and should be reviewed in the near future.52 
A remarkable finding is that in previous reviews18,53 long-term multi-component 
interventions are concluded to be most effective in improving mobility and physical 
functioning in frail elderly people. This is not the overall conclusion drawn in the 
present study. We conclude that interventions of both short and long duration can have 
a beneficial functional effect. Furthermore, the description of the studies included in 
this review indicates that strength training may be an important component of an 
exercise intervention. These differences in findings may be explained by a difference in 
the studied population and that in previous research no meta-analyses have been 
performed. Also, in contrast with previous reviews, we only included studies with a 
certain basic methodological quality (PEDro score ≤ 6) in our review and analyses. 
No significant effects were found on the level of physical activity. Because none of the 
interventions that included physical activity level as an outcome in their study 
specifically aimed at improving physical activity or offered a specific intervention to 
adopt a physically active lifestyle, we can also conclude that the level of physical 
activity does not increase as an obvious or natural consequence of an exercise 
intervention. Offering exercise or physical activity is apparently not enough to 
stimulate (frail) older people to become more physically active on their own. A recent 
Cochrane review on community-wide interventions to increase physical activity54 also 
addressed this difficulty. Moreover, because of inconsistency in the findings in this 
Cochrane review and the serious methodological issues of the included studies, a 
positive effect of community interventions on the level of physical activity could not be 
concluded. Even though it is widely accepted that increasing physical activity is of 
extreme importance in improving general health and reducing physical disability, it 
seems to be very hard to accomplish this in physically frail elderly persons and to prove 
its effectiveness in research. High-quality research, specifically aimed at improving the 
level of physical activity and using specific intervention and evaluation techniques 
should be performed in the near future to address this issue.54 
Considering quality of life, the exercise versus no-exercise studies found no significant 
effects. Of the high-intensity exercise versus low-intensity exercise studies, 29% did 
find a significant effect. However, only two studies could be included in the meta-
analysis resulting in a small SMD score and a confidence interval with a wide range. Not 
all studies that measured quality of life could be included in these analyses. Two 
exercise versus no-exercise studies and three high-intensity exercise studies versus low-
intensity exercise studies did not report sufficient data on quality of life. A remarkable 
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finding is that the significant effects found by the studies of Binder et al.40 (study 12) 
and Helbostad et al.42,43 (study 14) were not found on the physical dimension of quality 
of life, but on the change in health and the role emotional subscales of the SF-36 
health survey, respectively. This finding is supportive of the idea that exercise can 
improve not only physical aspects in life, but also mental well-being.55 The results of 
this review suggest that this is also the case for mobility-limited and/or functionally 
impaired older adults. 
The analyses on mobility and physical functioning show a considerable difference 
between the SMD final values and change scores. Because SMDs based on change scores 
remove a component of between-person variability from the analyses, it is known that 
change score analyses might lead to more powerful results.56 However, it should be 
noted that other factors might also affect the precision of the SMDs. Homogeneity of 
the groups at the outset of the study will reduce variability, but the occurrence of life 
circumstances and co-interventions during follow-up may, on the other hand, increase 
variability, thereby decreasing precision. 
In general, the high-intensity exercise versus low-intensity exercise studies result in 
small SMD scores and wide and inconclusive confidence intervals. This, however, can be 
considered a natural consequence of the study design because there is not much 
contrast between the intervention group and the control group when comparing an 
exercise intervention with another exercise intervention. The high-intensity exercise 
interventions mostly consisted of exercise progressing in intensity while the control 
intervention was of low intensity and not progressing. In addition, many studies could 
not be included in the meta-analysis because the reported data were incomplete or 
insufficient. Consequently, these studies could not be used for the overall pooled SMD 
scores, which means that the reported SMDs may be an over- or underrepresentation of 
the values that would have been found when all studies could have been included. In 
most cases, the reported SMDs would, in fact, be an under-representation because a lot 
of studies that did find significant intervention effects could not be included in the 
meta-analysis. Furthermore, a problem in the meta-analysis was the large variation in 
measurement instruments used in the included studies. Because of this large variation 
and the large number of studies that did not report sufficient data, we could not pool 
studies on specific measurement instruments and therefore we could not use weighted 
mean differences in our analyses. Also, because a lot of studies could not be pooled in 
a meta-analysis, some of the analyses were based on only a few studies and small 
samples resulting in broad and inconclusive confidence intervals. Funnel plots for 
publication bias were visually inspected on symmetry. Because in some analyses only a 
few studies were included, it was, in some cases, hard to draw conclusions about 
symmetry. However, we also tried to minimize the risk of bias by only including studies 
with a minimum quality level in this review. And, finally, in a few analyses, small to 
moderate heterogeneity was present. Overall, taking the above-mentioned 
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considerations into account, the results of these meta-analyses must be interpreted 
with caution. For future research, we advocate the development of a generic core set 
of measurement instruments in physical exercise research. Also, data in future studies 
should be reported in such a way that comparison in a meta-analysis is possible. 
 
Conclusion 
This systematic review and meta-analysis shows that mobility limited and/or physically 
disabled elderly patients with or without multi-morbidity can improve mobility and 
physical functioning by means of physical exercise therapy. High-intensity exercise 
seems to be somewhat more effective in improving physical functioning than low-
intensity exercise. These positive effects are of great value in this specific patient 
population of already physically impaired older adults. The most effective type of 
intervention remains unclear. 
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Appendix A Funnel Plots  
 
Figure 1:  Funnel Plots for exercise versus no exercise interventions  
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Figure 2:  Funnel Plots for high intensity versus low intensity exercise interventions  
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Appendix B Forest Plots 
 
Figure 1:  Forest Plots comparing exercise versus no exercise interventions for mobility, physical 
functioning, physical activity and quality of life.  
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Figure 2:  Forest Plots comparing high intensity vs low intensity exercise interventions for 
mobility, physical functioning, activity level and quality of life.   
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Abstract 
Background and purpose. Despite the positive effects of physical activity on numerous 
aspects of health, many older adults remain sedentary even after participating in 
physical activity interventions. Standardized exercise programs do not necessarily bring 
about the behavioral change that is necessary. Therefore, a patient-centered approach 
is needed. The purpose of this study was to develop and assess the acceptability and 
potential effectiveness of the Coach2Move strategy; a physical therapy approach aimed 
at improving the long-term level of physical activity in mobility limited older adults. 
Methods. The Coach2Move strategy was developed based on 2 systematic literature 
studies and expert consultations. Multiple focus group meetings and a Delphi procedure 
were organized to gain consensus on the Coach2Move strategy. Acceptability and 
potential effectiveness were studied in a pilot study with a pre-post design in which 2 
physical therapists (PT) and 12 patients participated. To assess acceptability, patients 
were interviewed, discussion with the involved physical therapists was held and health 
records were studied. Potential effectiveness was tested measuring the level of 
physical activity, frailty, quality of life and mobility before and after treatment.  
Results. Based on the literature study and expert consultations, an algorithm based on 
the Hypothesis Oriented Algorithm for Clinicians Part II was developed: the Coach2Move 
approach. Key elements of the Coach2Move approach include an extensive intake using 
motivational interviewing, clinical reasoning, coaching to increase physical activity and 
self-management, focusing on meaningful activities and working according to 3 patient-
tailored intervention profiles with a predefined number of sessions. The pilot study 
showed high appraisal of the strategy by both physical therapists and patients. 
Moreover, a potential effect on the level of physical activity, frailty, quality of life and 
mobility was observed.  
Discussion and conclusion. Because the pilot study was not randomized or controlled, 
and included a small sample, no conclusions can be drawn about the effectiveness of 
the Coach2Move strategy. However, all suggestions made in the present study were 
implemented in an ongoing, randomized controlled trial in which the Coach2Move 
strategy will be compared to usual care physical therapy. In conclusion, the 
Coach2Move strategy can be considered acceptable in physical therapy practice and 
showed potential benefits. The results on the (cost-)effectiveness of this strategy based 
on a large randomized controlled trial are expected in 2014. 
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Introduction 
Along with an increasing age, older adults have to eventually cope with (chronic) 
diseases and disabilities. The evidence for the positive effect of physical activity on 
multiple outcomes, such as an improvement of functional status, prevention of 
(chronic) diseases and an improvement of (psychological and social) wellbeing and 
quality of life is accumulating;1 we also know that many older adults remain 
sedentary.2 Standardized and supervised exercise interventions do not necessarily 
increase the level of physical activity in daily life,3 and it is a great challenge to attain 
the behavioral change that is necessary for adherence to a physically active lifestyle, 
especially in older adults who suffer from chronic diseases and physical disabilities.4,5  
A large part of the population of older adults, however, suffers from (mobility) 
disability and problems in physical functioning.6 Mobility problems are known to be 
highly predictive of disability progression,7,8 to have a negative influence on quality of 
life9 and to be associated with frailty.9 Frailty refers to a dynamic process involving the 
accumulation of physical, psychological and/or social deficits in functioning, which 
increase the risk of adverse health outcomes.10,11 Older adults who are frail or at risk of 
becoming frail may benefit from physical activity in multiple ways and, therefore, 
physical activity is considered one of the few ways to lower frailty in older adults.12-14 
Evidence suggests that physical activity has a positive influence on the physical as well 
as the psychological domain of frailty.15 In addition, problems in mobility can also lead 
to reduced social participation.6,16 We can conclude that older adults with mobility 
problems and who are (at risk of becoming) frail may benefit immensely from physical 
activity.12-14 This population is, however, the hardest to get moving because of their 
physical, psychological and social constraints.2,17  
The aim of this study was to develop a physical therapy strategy (Coach2Move) with the 
primary objective of increasing the level of physical activity in older adults with 
mobility problems, and consequently, reducing the level of frailty, improving quality of 
life and mobility. In this paper, the development of the Coach2Move strategy, its 
acceptability and potential effectiveness in physical therapy practice will be described.  
 
Methods 
To guide the development of the Coach2Move strategy, the methodological framework 
proposed by the Medical Research Council (MRC) was used.18,19 The MRC framework 
considers the process of development and evaluation of complex interventions as 
having several distinct phases: the preclinical or theoretical phase (phase I), the 
modeling phase (phase II), the exploratory phase (phase III), the randomized controlled 
trial (phase IV) and long-term implementation (phase V). In this article, phases I 
through III will be described (figure 1 and table 1). 
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Figure 1:  The development and evaluation of the Coach2Move strategy based on the MRC 
framework.18,19 The dark grey parts of this figure have been finished and are described in 
this paper. The light grey column refers to an ongoing study. The white part of this figure 
represents the last part of the developmental phase and will be performed in the future. 
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Table 1. Development of the Coach2Move strategy according to the MRC framework  
 
Step Aim Results 
Phase I: Preclinical phase
Literature review  
1. Identifying important 
frailty related factors 
and selecting an 
outcome instrument to 
measure frailty over 
time 
Physical dimension: nutritional status, physical activity, 
mobility, strength and energy, Psychological dimension: 
cognition and mood Social dimension: social contacts and 
social support 
The method of deficit accumulation was concluded to be 
appropriate to evaluate the level of frailty. This method was 
used to develop a new evaluative outcome instrument: the 
EFIP 25 
2. Studying the effect of 
physical exercise 
therapy on mobility, 
physical functioning, 
physical activity and 
quality of life  
Physical exercise therapy was concluded to have a positive 
effect on mobility and physical functioning. High intensity 
exercise seemed to be more effective than low intensity 
exercise therapy in improving physical functioning. Strength 
training seems to be an important part of an exercise 
intervention and a personalized approach seemed to be more 
effective in reaching long term effects. 
Expert consultation of multidisciplinary expert panel
First focus group 
meeting 
Discussing the concept 
of frailty and the 
treatment approach 
 
 
 
 
1. Frailty is a multidimensional and dynamic concept  2. 
Consultation of and cooperation with other disciplines is an 
integral part of a physical therapy intervention. 3. There 
should be conscientious diagnostics of impairments and 
disabilities including barriers and facilitators at the level of 
activity and participation. 4. Explicit personalized goal 
setting and shared decision making should lead to a patient- 
centered plan focused on an increase of physical activity and 
self management. Motivational interviewing is used to 
accomplish a patient centered plan. 5. After dealing with 
physical barriers to become physically active, the role of the 
PT is coaching the patient in becoming more physically active 
in his/her own environment and achieving his/ her own goals. 
6. The strategy should be given by experts in the field of 
geriatric physical therapy. 
Second focus 
group meeting 
Selecting measurement 
instruments 
 
Discussing intervention 
profiles  
EFIP, CIRS, SF-36, PSC, LAPAQ, EMS, grip strength (or MRC/ 
10RM), 6MWT (if not possible 2MWT), TUG, NRS Pain, ROM, 
BBS (if not possible Tinetti)* 
Three intervention profiles: 1. Increasing the level of physical 
activity (secondary prevention). 2. Temporary intervention to 
make it possible to safely maintain an active lifestyle without 
guidance (combination secondary prevention and curative 
intervention). 3. Improving/ maintaining mobility, activities, 
participation and enhancing physical activity in own 
environment (curative intervention as prerequisite for 
secondary prevention) 
Phase II: Modeling phase 
Project team meetings  
Project team 
meetings 
Developing draft version 
of the Coach2Move 
strategy 
The HOAC-II and ICF were the starting points. Key elements 
defined in the preclinical phase were integrated in the model 
(figure 1, box 1) 
PT consultation and final consensus procedure 
Three focus 
groups with PT's 
Discussing the draft 
version of the 
Coach2Move strategy 
The Coach2Move strategy was well appreciated. Suggestions 
made: the BBS might be too difficult for some elderly 
persons, the 2 Minute Walking Test and the Tinetti Balance 
Test should be added. It was discussed whether or not to add 
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Step Aim Results 
a specific falls prevention profile. After discussion it was 
decided that falls prevention is part of profile 2 or 3. 
Delphi 
procedure in 
multidisciplinary 
expert panel 
and group of 
PT's 
Refining the 
Coach2Move strategy 
Identified barriers: time investment when working according 
to the algorithm, the feasibility of a preventive task for 
geriatric physical therapists and the appropriateness of the 
Dutch Physical Activity Standard in this population.  
Consensus 
meeting with 
multidisciplinary 
expert panel 
and group of 
PT's 
Reaching consensus on 
the Coach2Move 
strategy 
Barriers were discussed and consensus was reached. 
Discussion mainly focused on the question whether or not 
intervention profile 1 is part of physical therapy treatment. It 
was decided that prevention is an important task of a PT and 
that intervention profile 1 is appropriate. Furthermore time 
investment seemed large, but needs to be explored in the 
pilot study.  
Phase III: Exploratory phase  
Pilot study  Studying the feasibility 
of the algorithm: 
- interviews with 
patients (n=12) 
- Discussion between 
therapists (n=2) and 
project team 
- Study of registration 
forms 
Therapists (n=2): time investment in diagnostic phase is large 
(up to 2 hours), but necessary to attain patient centered and 
goal oriented therapy. Therapy is more efficient (average of 
11 consults). Time investment also reduced when therapists 
got more experienced in working according to the algorithm. 
Advice: remove EMS, CIRS and SF-36 from algorithm and use 
electronic health record. The measurement instruments EMS, 
ROM and BBS were considered not adequate as outcome 
instruments in an RCT.  Patients: extensive diagnostic phase 
including objective measures were well appreciated and 
considered an incentive to perform better: The fact that 
therapy was aimed at their own goals was positively judged.  
 Exploring the potential 
effectiveness of the 
algorithm 
A significant improvement in level of physical activity, quality 
of life, walking speed and level of frailty was found. 
Phase IV Randomized controlled trial (RCT)
A RCT on the (cost-) effectiveness of the Coach2Move strategy started in September 2012 in 13 PT 
practices in The Netherlands. The Coach2Move strategy is being evaluated on the level of physical 
activity, frailty, mobility, quality of life, patient specific complaints and cost-effectiveness in frail older 
adults with or at risk of mobility problems. Patients are being individually randomized to either 
treatment by a GPT according to the Coach2Move strategy or usual care physical therapy by a PT. 
Blinded measurements take place at 3 and 6 months. This study has been registered in The Netherlands 
National Trial Register (registration number: NTR3527). 
EFIP = Evaluative Frailty Index for Physical activity, PT = physical therapist, CIRS= Cumulative Illness 
Rating Questionnaire, SF-36, PSK = patient specific complaints, LAPAQ = LASA Physical Activity 
Questionnaire, EMS= Elderly Mobility Scale, grip strength, MRC= Medical Research Council, 10RM: 10 
Repetitive Maximum, 6MWT = 6 Minute Walking Test, TUG = Timed Up & Go test, NRS Pain, ROM = Range 
of Motion, BBS = Berg Balance Scale, HOAC = Hypothesis Oriented Algorithm for Clinicians, ICF = 
International Classification of Functioning, Disability and Health 
 
Phase I: preclinical phase 
The aim of the preclinical phase was to gather scientific evidence and expert opinions 
on the frailty process, patient profiles and dimensions of functioning that have to be 
considered as key elements in the therapeutic approach. 
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Literature review 
Scientific evidence was gathered in 2 systematic literature reviews. The aim of the first 
systematic review was to identify the dimensions of functioning that are important in 
the frailty process and, therefore, should be considered in a physical therapy 
intervention. This review also aimed to identify outcome instruments that could be 
used to evaluate the physical, psychological and social aspects of frailty.20 The second 
systematic literature review and meta-analysis was performed on the effects of 
physical exercise therapy in community-dwelling, frail, older adults with or at risk for 
mobility problems.3 This meta-analysis aimed to provide evidence on the effective 
components of an exercise intervention that may reduce frailty. Details of the method 
used in the literature reviews have been reported elsewhere.3,20  
 
Expert consultation with a multidisciplinary expert panel 
A second step in the preclinical phase was to compose an expert panel and to consult 
this panel on the concept of frailty and key elements of a physical therapy approach to 
improve physical activity. The expert panel consisted of 2 geriatricians, a nursing home 
doctor, a general practitioner, 3 physical therapists, specialized in getriatrics (GPTs) 
(1 working in a private practice, 1 working in a hospital and 1 working in a nursing 
home), a representative of the Dutch Association of Physical Therapy in Geriatrics, a 
representative of the Dutch Institute of Allied Health Professions, a policymaker of a 
large residential care facility in The Netherlands, a caregiver of a geriatric patient and 
4 researchers. 2 focus group meetings were organized with the expert panel. A focus 
group meeting is a group interview with a select number of participants who exchange 
ideas about a specific topic. A focus group meeting is generally characterized by in-
depth discussions based on open-ended questions that are guided by an interviewer.21 
In our first focus group meeting, the concept of frailty, the population of frail older 
adults and the specific approach needed were discussed. The second meeting was 
dedicated to measurement instruments to be used in physical therapy practice and 
differentiating patient profiles.  
 
Phase II: modeling phase 
The aim of the modeling phase was to develop a concept version of the Coach2Move 
strategy and to gain consensus on this strategy. 
 
Project team meetings 
The project team consisted of the authors of this paper. Based on the results of the 
preclinical phase, decisions were made considering the approach and a first concept 
version of the Coach2Move strategy was developed.  
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Expert consultation of PT's and final consensus procedure 
The first concept version of the Coach2Move approach was presented to a volunteer 
group of physical therapists (PTs) in 3 focus groups at a congress of the Dutch 
Association of Physical Therapy in Geriatrics (NVFG). In addition to these focus groups, 
we also decided to ask for written feedback in a Delphi procedure with the PTs and the 
previously mentioned multidisciplinary expert panel. A Delphi procedure is a method in 
which participants fill out written questionnaires in multiple rounds to achieve 
consensus on a topic.22 The last step is generally a group meeting to achieve an 
accepted consensus.21,22 In the first Delphi round, the Coach2Move approach was 
presented and feedback was expected. All steps of the physical therapy process were 
described. Closed-ended questions were used to get feedback on the proposed steps. 
Participants were asked if each step in the algorithm was relevant and correctly 
defined. The possibility to give suggestions for improvement was offered using open-
ended questions. Because the first Delphi round resulted in only a few issues for further 
discussion, we decided not to perform a second written consensus round, but to 
organize 2 consensus meetings successively. Participants were sent an overview of the 
results of the written Delphi round and were invited to attend this meeting. The first 
meeting was held with the initial multidisciplinary expert panel and the second 
meeting was with the PTs who responded in the Delphi procedure. Expert consultation 
resulted in a second concept version of the Coach2Move strategy to be used in Phase III 
of the developmental process. 
 
Phase III: exploratory phase 
The aim of the exploratory phase was to test the developed Coach2Move strategy in a 
pilot study on acceptability and to determine the potential effectiveness before 
starting a Randomized Controlled Trial (RCT). 
 
Design 
The pilot study was performed according to a 12-week pre- post design in which 2 PTs 
and 12 patients participated. The PTs were closely involved in the development of the 
Coach2Move approach; 1 of the PTs (NdV) was also part of the research team. Both PTs 
treated 6 patients. Data were collected prior to (t0) and after the physical therapy 
treatment (t1 at 12 weeks) by the PTs. In addition, semi-structured interviews were 
conducted in a cross-over design in which the participating PTs interviewed each 
other's patients.  
 
Participants 
The participants were consecutive patients in 2 physical therapy practices and enrolled 
after either referral by a physician or directly via self-referral between October 2013 
and March 2014. Participants were included if they were 70 years or over, had problems 
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in physical functioning/mobility and/or physical inactivity (noted by either the patient 
or a formal or informal caregiver), were cognitively able to understand verbal and/or 
non-verbal instructions (MMSE ≥ 14), were not bed- or wheelchair-bound (able to walk 
at least 10 meters with or without the use of a walking device) and had no acute illness 
for which admission to a hospital was necessary. The participants were informed about 
the study and signed an informed consent declaration.  
 
Outcome measures 
The potential effectiveness of the physical therapy treatment was evaluated with the 
following tools: the level of physical activity (LASA Physical Activity Questionnaire 
(LAPAQ)),23 quality of life (SF-36),24 frailty (Evaluative Frailty Index for Physical activity 
(EFIP)),25 mobility (Timed Up & Go Test (TUG)) and walking speed.26,27 All 
measurements were performed pre- and post-treatment by the involved PT.  
 
Data collection 
The involved PTs kept a health record on a specially designed registration form 
consisting of all the steps of the Coach2Move strategy, including reminders considering 
the key elements. The registration forms were cross-checked by the involved PTs, 
which means that PT 1 checked the forms of PT 2 and PT 2 checked the forms of PT 1 
on registration of all items and on using the key elements of the Coach2Move strategy.  
Interviews with patients were conducted after completion of the treatment episode. As 
part of the interview, patients were asked to indicate the perceived effectiveness of 
the physical therapy treatment on their physical functioning using the Global Perceived 
Effect (GPE) scale.28 The GPE measures patients' opinions about the degree to which 
their physical functioning has changed on a 9 point scale ranging from 'very much 
improvement' (score 1) to 'very much deterioration' (score 9). In addition, patients were 
asked whether or not their personal treatment goals were reached, if they were 
satisfied with the total physical therapy treatment and how they felt about the 
extensive diagnostic phase including the use of many measurement instruments. 
Finally, patients were given the opportunity to provide positive as well as negative 
comments about the physical therapy treatment. The interviewer registered the 
answers given by the patients on a registration form.  
Discussion between both PTs and the research team were held at the end of the pilot 
study. The discussion session had an open character, and the PTs were invited to give 
their opinion on the Coach2Move strategy and to indicate possible improvements. PTs 
were also explicitly asked about their experiences with the applied measurement 
instruments.   
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Data analysis 
We used descriptive statistics for quantifying outcomes at t0 and t1. Differences 
between outcomes at t0 and t1 were assessed using paired samples t-test statistics. 
The significance level was set at 0.05. 
With regard to the qualitative analysis, 1 researcher (NdV) analyzed the open-ended 
questions descriptively by repeatedly reviewing and organizing the data to extrapolate 
the most meaningful sections. Common categories were extrapolated, and these 
categories were organized in major themes. The extrapolated themes and categories 
were discussed with both PTs and the research team (JBS and RN).  
Based on the discussion session with the PTs and the research team, a summary of the 
main barriers and recommendations to improve the Coach2Move strategy was drafted 
by the researcher (NdV). The summary was sent to the members of the research team 
and the PTs to check the validity of the summary and the proposed adaptations to the 
Coach2Move strategy. 
 
Results 
Phase I: preclinical phase 
Literature review 
In the first systematic literature review on identifying the dimensions that are 
important in the frailty process, three dimensions were identified. Each dimension 
included a number of factors: the physical dimension (including nutritional status, 
physical activity level, mobility, strength and energy level), psychological dimension 
(including cognition and mood status) and social dimension (including level of social 
contacts and social support). The results of our systematic review show that numerous 
frailty instruments have been developed and that these instruments measure different 
aspects of frailty. Based on the review criteria, it was concluded that The Frailty Index 
(deficit accumulation method) was the most appropriate instrument to use as an 
evaluative outcome measure on frailty.20 In the second systematic literature review and 
meta-analysis, physical exercise therapy was found to have a positive effect on mobility 
and physical functioning. High intensity exercise seemed to be more effective than low 
intensity exercise therapy in improving physical functioning. In addition, strength 
training was considered to be an important part of an exercise intervention, and a 
personalized approach was concluded to be most effective in realizing long-term 
effects.3 
 
Expert consultation with multidisciplinary expert panel 
In the first focus group meeting, the panel agreed on the key elements of the 
Coach2Move strategy as shown in Table 1 and Box 1. The expectations of the panel 
were that a detailed problem analysis would lead to a focused intervention that 
removed the barriers for becoming physically active. In addition, focusing on the 
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facilitators that are present in the personal and environmental domain of functioning in 
relation to patient-specific goals on activity and participation level was expected to 
increase adherence.  
 
Box 1. What makes Coach2Move an innovative and unique strategy in improving the activity level 
in frail older subjects? 
 
1. Use of motivational interviewing: exploring questions for help and barriers and facilitators 
in relation to physical activity.  
2. Use of an algorithm (HOAC-II*) that emphasizes an extensive intake and supports clinical 
reasoning in order to set priorities.   
3. Shared decision making on meaningful treatment goals to increase physical activity 
including signing a treatment contract. 
4. Coaching on self- management to increase long term results 
5. Focusing on meaningful activities at home with help from family, friends or professionals 
6. Working according to three patient-tailored intervention profiles 
*HOAC: Hypothesis Oriented Algorithm for Clinicians 
 
Phase II: modeling phase 
Project team meetings 
In an early stage, it was decided that the approach should follow both the framework 
of the International Classification of Functioning, Disability and Health (ICF)29 and the 
Hypothesis Oriented Algorithm for Clinicians (HOAC)-II.30,31 The ICF provides health care 
professionals with a standardized framework to describe patient’s functioning and 
external and personal factors that influence functioning on multiple domains in a 
common language. The HOAC-II model provides PTs with guidance in their clinical 
reasoning. The model is hypothesis oriented, which means that the PT formulates 
hypotheses about the cause and consequence of the identified problems. The status of 
the patient is categorized in Patient Identified Problems (PIPs) and Non-Patient 
Identified Problems (NPIPs), and in enablement and disablement. PIPs are the problems 
encountered by the patients themselves and NPIPs are the problems identified by 
clinicians and caregivers. An enablement perspective guides the PT in identifying 
participation and roles, but also in exploring the skills and resources needed to fulfill 
these roles within different environmental contexts. A disablement perspective, on the 
other hand, reveals information about an underlying disease or pathology and the 
impairments and disabilities associated with these conditions as well as disabling 
personal and external factors. Integration of the enablement and disablement 
perspective, classified in PIPs and NPIPs, provides a detailed picture of the patient and 
their environment.30 The Coach2Move strategy, integrated in the HOAC-II model, is 
summarized in figure 2.  
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Figure 2:  The Coach2Move strategy summarized in the HOAC-II cycle 30, 31 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Profile 1:  coaching on self management  
Profile 2:  improving functions & activities, coaching on self management    
Profile 3: reducing specific problems in function & activities & participation, coaching on self 
management ; PT =  physical therapy (in this figure) 
 
Expert consultation PTs and final consensus procedure 
The 3 focus groups with GPTs were each visited by 15 GPTs with working experience 
and/or additional education in geriatrics. Feedback was mainly given on the selected 
measurement instruments in the diagnostic part of the Coach2Move strategy and the 
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intervention profiles (see table 1). Of the 45 GPTs that participated in the focus 
groups, 13 (28.9%) volunteered to take part in a written Delphi procedure on the 
Coach2Move strategy. All members of the initial multidisciplinary expert panel 
responded. Analyzing the results of the total Delphi procedure brought to light 3 main 
barriers: time investment when working according to the algorithm, the acceptability 
of a preventive task for PTs, and the appropriateness of the Dutch physical activity 
standard in this population. Three intervention profiles were defined in which patients 
were categorized based on the complexity of their problems and their hypothesized 
potential for improvement. Profile 1 is aimed at patients who are physically inactive 
but do not have physical barriers to become physically active. Physical therapy 
intervention mainly consists of self-management coaching. The second profile deals 
with patients with acute or minor mobility problems who need a temporary physical 
therapy intervention to overcome barriers to becoming physically active (e.g., muscle 
strength training, balance training, fear reduction, etc.). Patients with moderate to 
severe mobility problems that lead to specific problems in activities and participation 
are categorized in profile 3, which consists of physical therapy treatment on the level 
of body function, structure, activities and participation. In addition, all intervention 
profiles focus on patient-specific goals, which are set using shared decision making 
(table 1). Agreement on the Coach2Move approach was reached in a consensus 
procedure consisting of 2 group meetings.  
 
Phase III: exploratory phase 
Participants  
The pilot study was performed with 2 PTs and 12 patients. Table 2 describes the 
patient characteristics, the indication for physical therapy and the physical therapy 
treatment components. 9 women and 3 men participated with a mean age of 83.0 (SD = 
5.8) years. The number of co morbidities varied from 1–12, with a mean of 8, based on 
the Cumulative Illness Rating Questionnaire for Geriatrics (CIRS-G) scores.  
 
Registration forms 
Studying the registration forms showed that all steps of the Coach2Move strategy were 
followed consistently and registered precisely by both PTs. No fidelity problems were 
observed. The PTs performed an extensive intake with all participating patients and 
the discrepancy between the actual and desired situation considering activities and 
roles were leading principles in goal setting (see Table 2). PTs and patients agreed on 
treatment goals and their own contribution concerning reaching these goals. Patients 
were coached and trained to become more physically active in their own environment 
and to reach their personal goals. Other disciplines were consulted in several cases (see 
table 2).  
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Interviews with patients 
The overall experience with the Coach2Move approach was positive (table 3). According 
to the GPE scale, 10 patients reported an improvement in physical functioning and 
2 patients judged their physical functioning as equal to before the physical therapy 
treatment. The personal goals of 8 patients were reached. The remaining 4 patients 
indicated that their goals were partially reached. All patients indicated that they were 
highly or relatively satisfied with the physical therapy treatment. None of the patients 
were unsatisfied, and 1 patient was fairly satisfied. Results and patient quotes are 
presented in table 3. Analyzing the open-ended questions led to the extrapolation of 
4 major themes: the extensive intake/diagnostic phase, the personalized approach, the 
treatment modalities and the repetitive measurements. All patients mentioned the 
extensive intake, and this was well appreciated. All patients were satisfied with the 
detailed analyses of their problems. In addition, most patients were glad to be taken 
seriously in their complaints and desires and allowed to tell 'their story'. A second 
theme that emerged from the interviews was the personalized approach. It was 
considered motivating by many patients to work together with the PT in achieving their 
own goals.  
 
Table 3. Patient opinion on the physical therapy procedure and outcome 
 
Patient GPE Goals 
reached? 
Patient satisfaction -
opinion on physical 
therapy procedure 
Patient quote
1 2  Yes Very good 'The measures made me see my progression'
2 3 Yes Good 'I still feel very tired, but I do get out and do things 
again' 
3 2  Yes Good 'That was the advice I needed to get back on my feet'
4 1 Yes Very good 'I never thought I would be able to do gardening 
again' 
5 1 Yes Very good 'Every time I am walking I feel that I am getting 
stronger' 
6 3 Yes Good 'Now I am satisfied with the things I can do' 
7 3 Partly Good 'I have reached my goals. I am able to walk to the 
community center and participate in my exercise 
class, but it does take a lot of effort' 
8 5 Yes Good 'It was nice to see how well I performed at the tests'
9 2 Yes Good 'The treatment was functional, it really helped me' 
10 5 Partly Fair 'The pain does not decrease, that’s frustrating’
11 3 Partly Good 'I still want to walk longer, but my body is not 
cooperating' 
12 3 Partly Good 'The exercise was good, but hard' 
GPE= Global Perceived Effect, ranging from 1 (very much improvement) to 9 (very much deterioration) 
 
Third, patients noticed that the physical therapy treatment did not only consist of 
exercise therapy but also of instruction, advice and coaching on how to reach their 
goals in daily life. Patients indicated that this helped them a great deal in reaching 
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their goals in their own environment. Finally, most patients valued the measurements 
that were periodically executed by the PT to evaluate treatment progression. The 
objective assessment of (functional) status made them see their progression, and this 
was considered a motivating factor for adherence. 
 
Discussion with involved PTs 
For the involved PTs, the pilot study showed that working according to the Coach2Move 
approach was very time consuming. The diagnostic/consultative part of the strategy 
and registration took up to 2 hours per patient, while the duration of a normal physical 
therapy consult in the Netherlands is 30 minutes. Time investment did decline along 
the way when the therapists got more experienced with the Coach2Move strategy. 
Despite the large time investment in the diagnostic phase, the PTs were positive about 
the added value of the Coach2Move approach. It was concluded that a good diagnostic 
phase was an essential part of physical therapy and allowed PTs to make better 
decisions, resulting in therapy that was more goal-directed, time-efficient, and 
patient-centered. Adherence improved because of the fact that goals were of great 
value for the patients and because they were motivated to reach them. Further, 
coaching was possible in this population and patients were able to become more 
physically and socially active in their own environment: sometimes on their own and 
sometimes supported by family, friends or professionals. Registration using an 
electronic health record was suggested to make the administrative process more 
efficient. In addition, it was suggested to remove some of the recommended 
measurement instruments from the algorithm: the Elderly Mobility Scale (EMS), the SF-
36 and the CIRS-G because these instruments were time-consuming while the 
information gathered did not influence the clinical reasoning process.  
 
Potential effectiveness 
Table 4 describes the results of the quantitative evaluation of the 12 patients. This 
table shows that, overall, patients were more physically active and less frail after 
physical therapy treatment. They also had a higher quality of life and better mobility. 
A significant mean change of 26.9 minutes of physical activity a day was observed (SD = 
23.7). Furthermore, the physical dimension of quality of life and walking speed 
significantly improved, and the level of frailty significantly decreased with a mean 
change of -0.076 (SD = 0.073; p<0.05).  
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Discussion 
Our study shows that the Coach2Move strategy is an innovative, patient-centered 
approach that has been systematically designed and is based on the combination of 
scientific evidence and expert opinion. After minor adjustments, the Coach2Move 
strategy was considered acceptable by both PTs and patients. The next step is to test 
the effectiveness and cost-effectiveness of the Coach2Move strategy in an RCT, which 
we have already started. The design of this study has been described in a previous 
publication,32 and is registered in the Netherlands National Trial Register (registration 
number: NTR3527). 
The patients were all very satisfied with their treatment according to the Coach2Move 
strategy. The themes that emerged from interviews showed that the key elements of 
the Coach2Move strategy were apparently noticed and well appreciated. Research 
shows that, in clinical practice, PT's do not generally apply key elements of the 
Coach2Move strategy such as; goal setting on activity level, analysis of both 
enablement and disablement, shared decision making and coaching.33,34 This supports 
us in our hypothesis that the Coach2Move strategy differs substantially from 
conventional physical therapy. We will evaluate the contrast between the Coach2Move 
approach and usual care physical therapy in the RCT using quality indicators.  
The PTs in the pilot study were also supportive of the additional value of the 
Coach2Move strategy in physical therapy practice. They did, however, make some 
suggestions to improve the strategy. First, the diagnostic part of the strategy was 
concluded to be time consuming. On the other hand, this was one of the strengths of 
the approach. Shortening the strategy would mean that some basic steps of the clinical 
reasoning process would get lost, while all the steps of this process are important. 
Investing more time in a comprehensive inventory of the patient-specific situation and 
applying motivational interviewing leads to agreement with the patient on (specific) 
individual treatment goals and treatment plan, and to the patient’s own contribution to 
achieve these goals. This is hypothesized to be more time efficient in the end. In order 
to make the Coach2Move approach less time-consuming without losing essential steps in 
the clinical reasoning process, it was suggested to remove 3 measurement instruments 
from the algorithm. This suggestion was followed, and the SF-36, the EMS and the CIRS-
G were removed from the Coach2Move strategy. Another suggestion was to support the 
clinical reasoning process and lessen the administrative burden by developing an 
electronic health record that consists of all 'Coach2Move steps'. This suggestion was 
also followed and implemented in the ongoing Coach2Move RCT.  
Even though the Coach2Move strategy involves a relatively large time investment during 
the diagnostic phase of physical therapy treatment, we do expect this strategy to be 
both more effective in improving the long-term level of physical activity and to be 
more efficient than usual care physical therapy. We expect both interventions to be 
effective in reducing problems related to mobility and body function and structure. 
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However, we expect that, because of its specific focus (Box 1), the Coach2Move 
strategy leads to a long-term increase in physical activity. This hypothesis is based on 
our meta-analysis in which we concluded that participation in an exercise intervention 
did not mean that the level of physical activity in daily life increased.3 In addition, we 
know from the literature that PTs do not generally set goals specifically directed at 
increasing physical activity and that PTs do not generally use coaching techniques.34 In 
a recent publication of the Netherlands Institute for Health Services Research (NIVEL),35 
improving physical activity is not mentioned as one of the treatment goals applied by 
PTs in 2012 in The Netherlands. This NIVEL report also shows that, even though most 
PTs (55.7%) give information and advice to their patients as part of their treatment, 
only 0.1% explicitly 'coaches' their patients.35 Moreover, the mean number of consults 
given in this pilot study (including the extensive intake) is 11 sessions (1/2 hour). This is 
less than the mean number of physical therapy sessions in usual care physical therapy 
in The Netherlands for people with a chronic condition, which was 19 in 2012.35 This 
supports the hypothesis that a focused intervention based on an extensive diagnostic 
phase increases motivation and adherence, and is, therefore, more efficient in the 
treatment phase.  
A limiting factor in the present study was that the PTs that performed the pilot study 
were involved in the developmental process of the Coach2Move strategy, and 1 of them 
was part of the research team (NdV). This made it easier for them to apply the strategy 
correctly and may have contributed to the absence of fidelity problems. In addition, 
the (non-blinded) PT's also performed data-collection, which may have resulted in bias. 
The pragmatic choice for this design was made because the aim of this pilot study was 
not to evaluate effectiveness, but to assess acceptability and potential effectiveness. 
The participating patients provided only positive feedback concerning the Coach2Move 
process. Possibly, the fact that the patients were given a lot of attention as a 
consequence of participating in a pilot study influenced their judgment on the physical 
therapy process; patient/therapist interaction is known to be of great value for 
patients.36 Future research will have to show whether the Coach2Move strategy can be 
broadly implemented in physical therapy practice; healthcare professionals do not 
automatically adopt a new strategy after being trained in that strategy. Various 
determinants may influence the implementation process either positively or negatively. 
For example, the characteristics of the new strategy, the adopting person, the 
organization or the socio-political context.37 A process analysis will be conducted 
alongside the ongoing RCT to evaluate possible implementation issues. In addition, 
performance indicators will be developed to evaluate the adherence to the 
Coach2Move strategy by the participating PTs.  
Choices made in the design of the ongoing RCT were based on the results of this pilot 
study. The fact that we found significant changes in the small sample of this pilot study 
on different outcomes including physical activity, frailty, walking speed and quality of 
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life is promising with regard to the ongoing RCT and support of our hypothesis: 
improving agility in mobility limited older adults (as measured by means of walking 
speed) makes it possible to be more physically active. Adequate physical therapy 
guidance and coaching in becoming more physically active in a way that suits individual 
lifestyle, wishes and barriers is expected to lead to greater adherence to a physically 
active lifestyle after physical therapy has ended. Finally, we expect a physically active 
lifestyle to positively influence quality of life and the level of frailty. The results of our 
RCT are expected in 2014.  
 
Conclusion 
This paper describes the development of the Coach2Move strategy: a personalized and 
goal-oriented physical therapy approach aimed to improve the level of physical activity 
in older adults with mobility problems. After minor adjustments, the Coach2Move 
approach is acceptable for both PTs and patients. Moreover, the Coach2Move approach 
has shown potential benefit for older adults with mobility problems. Effectiveness and 
cost-effectiveness of the Coach2Move strategy are being studied in an ongoing RCT. The 
results of this RCT are expected in 2014. 
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Abstract 
Background. Older adults can benefit from physical activity in numerous ways. Physical 
activity is considered to be one of the few ways to influence the level of frailty. 
Standardized exercise programs do not necessarily lead to more physical activity in 
daily life, however, and a more personalized approach seems appropriate. The main 
objective of this study is to investigate whether a focused, problem-oriented coaching 
intervention ('Coach2Move') delivered by a physical therapist specializing in geriatrics is 
more effective for improving physical activity, mobility and health status in 
community-dwelling older adults than usual physical therapy care. In addition, cost-
effectiveness will be determined. 
Methods/Design. The design of this study is a single-blind randomized controlled trial in 
thirteen physical therapy practices. Randomization will take place at the individual 
patient level. The study population consists of older adults, ≥70 years of age, with 
decreased physical functioning and mobility and/or a physically inactive lifestyle. The 
intervention group will receive physical therapy according to the Coach2Move strategy. 
The control group will receive the usual physical therapy care. Measurements will be 
performed by research assistants not aware of group assignment. The results will be 
evaluated on the amount of physical activity (LASA Physical Activity Questionnaire), 
mobility (modified 'get up and go' test, walking speed and six-minute walking test), 
quality of life (SF-36), degree of frailty (Evaluative Frailty Index for Physical Activity), 
fatigue (NRS-fatigue), perceived effect (Global Perceived Effect and Patient Specific 
Complaints questionnaire) and health care costs. 
Discussion. Most studies on the effect of exercise or physical activity consist of 
standardized programs. In this study, a personalized approach is evaluated within a 
group of frail older adults, many of whom suffer from multiple and complex diseases 
and problems. A complicating factor in evaluating a new approach is that it may not be 
automatically adopted by clinicians. Specific actions are undertaken to optimize 
implementation of the Coach2Move strategy during the trial. Whether or not these will 
be sufficient is a matter we will consider subsequently, using quality indicators and 
process analysis. 
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Background 
Physical activity is considered one of the few ways to influence frailty in older adults.1-4 
The extent to which the level of frailty can be influenced by physical activity remains 
unclear, however. Frailty is defined as a complex state of increased vulnerability to 
adverse health outcomes.5 The causes as well as the consequences of frailty are diverse 
and originate from multiple dimensions (physical, psychological and social), which 
makes frailty a difficult concept to measure.6 A small number of studies have shown a 
positive effect of physical activity on the level of frailty by measuring physical aspects 
of frailty.7,8 The positive effect of exercise on other frailty-related aspects of health, 
for example, mood and cognition, has also been confirmed in studies.9,10 The complex 
interaction between the physical, psychological and social dimensions of frailty 
influences the level of frailty. The total level of frailty is, therefore, not equivalent to 
the sum of its components. When, for example, muscle strength improves because of 
an exercise intervention, this could lead to better mobility and the ability to become 
more physically active. Also, it may become easier to go outdoors, which can positively 
influence mood and social interaction. As a consequence, when all these dimensions 
are taken into account, the level of frailty may improve by even more than the levels 
of the separate components. The multidimensional level of frailty, considering all 
aspects of frailty in interaction using one measurement instrument, has not been 
evaluated in intervention studies on exercise and physical activity hitherto. 
Furthermore, while the positive effect of physical activity on different aspects of 
health is widely accepted, many older adults remain sedentary.11 Standardized 
supervised exercise interventions do not necessarily increase the level of physical 
activity in daily life.12 It is a great challenge to attain the behavioral change that is 
necessary to become more physically active in the long term and to improve adherence 
to physical activity programs or interventions. Individually adapted programs that aim 
for participants to become more physically active in daily life are probably more (cost-) 
effective.13 We have developed an individual intervention aimed at promoting physical 
activity in the broad population of older adults suffering from or at risk of mobility 
problems. Most older adults have to deal with multiple and complex problems and 
diseases, and yet often they do not fulfil the specific inclusion criteria used in clinical 
studies. Therefore, we developed an intervention aimed at a very broad population of 
older adults. Because of the complexity of this intervention, the Medical Research 
Council (MRC) framework was used as a guide in developing the intervention. The MRC 
framework consists of five successive phases: preclinical or theoretical phase (phase I), 
modelling phase (phase II), exploratory trial (phase III), randomized controlled trial 
(phase IV), and long-term implementation (phase V). In the theoretical phase, we 
performed two systematic reviews. The first review deals with instruments for 
measurement of frailty. In this review, we concluded that numerous measurement 
instruments exist, but none of them has been developed as an outcome measure.6 
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Therefore, we subsequently developed an outcome instrument on frailty; the 
Evaluative Frailty Index for Physical Activity (EFIP).14 In a second article, we review the 
literature on the effect of physical exercise therapy in older adults who have problems 
with physical functioning and/or have to deal with co-morbidity.12 The included 
literature was evaluated in meta-analyses and we concluded that mobility and physical 
functioning are positively influenced by physical exercise therapy. Strength training 
also seemed to be of great importance and a personalized approach may result in long-
term positive effects (>12 months). No positive effects on quality of life and the level 
of physical activity could be found, which confirms that an exercise intervention does 
not necessarily bring about changes in level of physical activity. 
In the modelling phase of the MRC framework, we developed the intervention based on 
the findings from the theoretical phase and expert consultation. This process will be 
described in detail in another publication. The intervention was called 'Coach2Move' 
and is based on clinical reasoning conforming with the Hypothesis Oriented Algorithm 
for Clinicians (HOAC)-II15,16 and the International Classification of Functioning, Disability 
and Health (ICF).17 The HOAC-II is an algorithm for clinical reasoning that describes all 
steps to be taken in order to make appropriate decisions about the treatment of 
patients. The steps of the HOAC-II were specified for the physical therapy treatment of 
frail older adults with mobility problems in the Coach2-Move strategy. The core 
elements of the Coach2Move strategy are: 1) increasing the level of physical activity 
and (social) participation; 2) patient-identified goals, and thereby improving 
adherence; 3) enablement instead of disablement (what a patient can do instead of 
what a patient cannot do); and 4) self-management. The Coach2Move strategy was 
tested for feasibility and efficacy in a pilot study (NM De Vries et al., unpublished 
observations). The results of this pilot study showed that the Coach2Move strategy is 
well appreciated by both physical therapists and patients and that a positive effect on 
physical activity, mobility, frailty and quality of life can be expected. The present 
article describes the study design of a Randomized Controlled Trial (RCT) to evaluate 
the Coach2Move strategy. The main objective of this RCT is to test the hypothesis that 
the Coach2Move strategy delivered by a physical therapist specializing in geriatrics is 
more effective in improving physical activity in community-dwelling older adults than is 
usual physical therapy care. As a secondary objective, the effect of the Coach2Move 
strategy on the (multidimensional) level of frailty, mobility and quality of life, as well 
as costeffectiveness, will be assessed in comparison with usual physical therapy. 
 
Methods/Design 
Study design 
The study design is a single-blinded randomized controlled trial (RCT) in which the 
consort guidelines are being followed. The RCT is being performed in thirteen physical 
therapy practices. In each participating practice both a general physical therapist (PT) 
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and a PT specializing in geriatrics (GPT) will participate in the study. Participating GPTs 
will be trained in the Coach2Move strategy. The PTs will provide the usual care. 
 
Participants 
The population consists of (pre-)frail older adults with mobility problems and/or a 
physically inactive lifestyle who are at risk of loss of mobility in the near future. This 
study focuses on elderly people living relatively independently at home or in a home for 
elderly people. Older adults with acute health problems for which hospital admission or 
admission to a nursing home is necessary are excluded. Older adults signed up for 
physical therapy are considered for inclusion, whether referred by a physician or having 
decided to attend physical therapy by themselves. 
 
The inclusion criteria are as follows: 
1. Older adults aged ≥ 70 years living independently at home or in an older persons' 
home. 
2. A mobility problem and/or a physically inactive lifestyle (< 30 minutes per day) rated 
as such by the participant, their relatives or the referring physician. 
 
The exclusion criteria are as follows: 
1. Unable to walk 5 meters (walking aid allowed). 
2. Unable to follow verbal or written instructions, operationalized by a minimum score 
of 21 points on the Minimal Mental State Examination (MMSE), or unable to 
understand Dutch. 
3. Palliative phase of illness. 
4. Acute illness with hospital indication. 
5. Severe degenerative neurological illness. 
6. Having a contraindication for being physically active. 
7. Having had physical therapy for a period longer than four weeks during the last six 
months. 
 
Randomization, blinding and treatment allocation  
All older adults (≥70 years old) who sign up for physical therapy in one of the 
participating physical therapy practices, because of mobility problems and/or physical 
inactivity are asked to participate in the trial by either a physical therapist or a 
practice secretary. If willing to participate, they are called by a member of the 
research team within two days. The member of the research team will determine 
potential eligibility by telephone and make an appointment for baseline measurement. 
An informed consent form is signed by both the participant and the research assistant 
before the baseline measurement. The final decision on inclusion or exclusion and 
randomization takes place after baseline measurement. Randomization is done on the 
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individual level through a computer-generated random-sequence table. Pre-
stratification is applied by physical therapy practice. Opaque, sequentially numbered, 
sealed envelopes are prepared for each stratum (that is, physical therapy practice) by a 
researcher who is not involved in enrolling the participants, in assigning them to their 
groups or performing follow-up measurements. Each of the envelopes contains a sheet 
of paper indicating one of the two interventions. The sealed envelopes are delivered to 
the participating physical therapists or practice secretaries after baseline 
measurement. Participants learn their group assignments after the researcher or 
research assistant involved in the baseline measurement has left. Follow-up 
measurement at three and six months is performed by two research assistants who are 
unaware of group allocation. 
 
Informed consent and ethical approval  
All eligible patients are informed about this study and given the time they needed to 
consider participation. The investigator of this study and an independent physician not 
involved in the study may be approached for questions. Patients who are willing to 
participate sign an informed consent form. This study has been approved by the 
medical ethical review board of the Radboud University Medical Center, Nijmegen 
(registration number: 2012/233), and is registered in The Netherlands National Trial 
Register (registration number: NTR3527). 
 
Intervention 
The intervention consists of physical therapy according to the Coach2Move strategy 
(see Appendix A and table 1). The Coach2Move strategy helps the GPT in clinical 
reasoning by providing an extensive, pre-structured and systematically organized 
diagnostic protocol. For the diagnostic phase of the Coach2Move strategy more time 
(1.5 hours) is available than for the conventional physical therapy intake (30 minutes). 
Impairments and disabilities, but also possibilities, wishes, barriers and facilitators 
relevant to physical functioning are thoroughly examined. Motivational interviewing is 
used to find and deal with the barriers to individuals becoming physically active, but 
also to find out what personal goals a patient wants to achieve. Physical therapy 
treatment in the Coach2Move strategy is focused on increasing motivation to be 
physically active by working on personal goals and removing physical barriers. Using 
shared decision making together with the patient, the GPT sets SMART goals – specific, 
measurable, acceptable, realistic and (with a) timeline. The GPT coaches the patient in 
reaching and maintaining his/her own goals (self-management) using appropriate 
feedback. 
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Table 1. The innovative elements of the Coach2Move strategy 
 
The innovative elements of the Coach2Move strategy
1. Use of motivational interviewing: exploring questions for help and barriers and facilitators in 
relation to physical activity.  
2. Use of an algorithm (HOAC-II*) that emphasizes an extensive intake and supports clinical reasoning 
in order to set priorities.   
3. Shared decision making on meaningful treatment goals to increase physical activity.  
4. Coaching on self-management to increase long-term results 
5. Focusing on meaningful activities at home with help from family, friends or professionals 
6. Working according to three patient-tailored intervention profiles with a predefined number of 
sessions 
* HOAC: Hypothesis Oriented Algorithm for Clinicians 
 
In Coach2Move, three intervention profiles with a predefined number of sessions can be 
chosen. Patients are categorized into one of these three profiles based on the 
complexity of their problems and their potential for improvement. The first profile 
deals with patients who do not need a physical therapy intervention on the level of 
body function or structure, but who just need coaching and advice (≤4 sessions). The 
second profile is aimed at improving functions, abilities and activities over a course of 
seven to nine sessions for patients who need temporary treatment to overcome barriers 
to becoming physically active. In the third profile, patients with specific problems in 
participation, activities and functions are treated and coached in 12 to 18 sessions. 
GPTs are trained in the Coach2Move strategy in a basic training of two days. This 
training focuses on: 
1. Clinical reasoning. 
2. Using appropriate measurement instruments in the diagnostic phase but also in the 
evaluation of the intervention and as feedback instrument for the patient and 
therapist. 
3. Shared decision making. 
4. SMART focused goals (specific, measurable, acceptable, realistic, timeline). 
5. Learning to focus on coaching and self-management. 
6. Learning to work in a patient-centered way and using measurements for feedback. 
7. Learning motivational interviewing skills. 
8. Learning skills for adequate coordination with other formal and informal caregivers 
involved 
 
In this study, the control intervention consists of conventional physical therapy 
provided by a PT. A one-day basic training is organized for the PTs to enhance their 
motivation to participate in this RCT. The training consists of general information 
regarding the treatment of older adults. In this training, no attention is paid to clinical 
reasoning, measurement instruments, shared decision making, motivational 
interviewing or self-management. 
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The treatment delivered by both the GPTs and the PTs consists of conventional physical 
therapy modalities such as training activities in daily living, balance and muscle 
strength. No standardized intervention is prescribed and in both groups the physical 
therapist is free to determine the appropriate intervention and level to reach the 
intervention goals. We expect less focus on physical activity in the control group. 
Moreover, the control group can freely decide how many sessions are needed. This is 
standard procedure in physical therapy care in the Netherlands. 
The key elements of the Coach2Move strategy are set out in Table 1 and these are the 
main distinguishing factors between the intervention and the control group. Even 
though shared decision making, patient-centered treatment and goal setting on 
participation level are considered important, physical therapists have difficulty actually 
applying this in clinical practice.18-20 The Coach2Move strategy offers education in these 
elements and supports physical therapists during the implementation, which we expect 
to result in a contrast between the intervention and control groups. Both therapies are 
expected to be effective; however, we hypothesize that the Coach2Move strategy will 
be more effective on the level of physical activity and in reaching treatment goals in 
fewer physical therapy sessions. 
 
Study parameters 
The main study parameter is the level of physical activity during follow-up over six 
months. The level of physical activity will be measured using the LASA Physical Activity 
Questionnaire (LAPAQ).21 The LAPAQ is a reliable and valid instrument specifically 
developed for older adults. The LAPAQ is a comprehensive questionnaire on diverse 
(physical) activities of daily living including walking, riding a bicycle, gardening, light 
household chores, heavy household chores and sporting activities. Based on the results 
of this questionnaire, the average amount of physical activity in minutes per day and 
minutes per week can be assessed. 
Secondary study parameters include mobility, quality of life, level of frailty, fatigue 
and perceived effect. Mobility is measured using the 'get up and go' test (GUG),22 the 
six-minute walking test (6MWT)23 and walking speed (WS) timed over a 10-meter 
distance.24 During the modified GUG, the patient is instructed to rise out of a chair and 
walk 10 meters.24 This procedure is timed and the duration in seconds is the score for 
this test. The effort of completing the same test is measured using the BORG scale of 
perceived exertion.25 The Borg scale ranges from 6 to 20, where 6 indicates no exertion 
and 20 the highest possible exertion. The 6MWT consists of six minutes walking at the 
patients’ self-determined pace. The score on this test is the distance in meters covered 
in six minutes. WS is timed on a 10-meter distance. The mean time in seconds it takes 
the patient to walk this distance (at his/her own preferred speed) over three tries, is 
the final score on this test.24 The SF-36 is used as a measure of quality of life.26 The SF-
36 is a 36-item questionnaire on health status. Questions relate to eight domains: 
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vitality, physical functioning, bodily pain, general health perceptions, physical role 
functioning, emotional role functioning, social role functioning and mental health. Each 
domain is equally weighted and a standardized scoring system results in two scores: a 
physical score and a mental/emotional score. Both scores range from 0 to 100 with an 
average score of 50, and a higher score indicating a better quality of life. 
To measure the level of frailty, the Evaluative Frailty Index for Physical activity (EFIP) 
is used.14 The EFIP is a 50-item questionnaire based on deficit accumulation (symptoms, 
signs, disabilities) in multiple domains (physical, psychological, social and general 
health status). The score on this questionnaire is expressed as the ratio of deficits 
present to the total number of deficits considered. The score ranges from 0 to 1, with 0 
indicating no frailty and 1 indicating maximum frailty.  
Fatigue is measured using the Numeric Rating Scale (NRS)-fatigue,27 which is a scale 
from 0 to 10 in which the patient can indicate what level of fatigue is experienced. A 
score of 0 represents no fatigue at all and a score of 10 represents the most possible 
fatigue. 
Perceived effect is measured with the PSC (patient specific complaints) questionnaire 
and Global Perceived Effect (GPE). The PSC is an instrument in which patients can 
determine three activities in which they experience the most trouble.28 For each 
activity one can judge the level of experienced trouble on a scale from 0 to 10 in which 
0 indicates no trouble at all and 10 indicates that the activity cannot be performed. 
The Global Perceived Effect (GPE)29 score is used to measure the patient's opinion 
about the effect of the intervention on a nine-point scale ranging from very much 
improvement to very much deterioration. 
Co-morbidity is registered using the Cumulative Illness Rating Scale-Geriatrics (CIRS-
G).30 The CIRS-G in combination with registration of the physical therapy intervention 
during each session and registration of health care utilization will be used to explore 
whether a physical therapy intervention is adjusted because of the presence of co-
morbidity, if the presence of comorbidity influences the effect of an intervention, and 
if co-morbidity brings about interventions other than physical therapy. 
Health care utilization is registered by means of a questionnaire. The questionnaire 
considers the type and number of medical consultations, medication use, hospital stay, 
nursing home stay, use of residential facilities, professional home care and the 
purchase of assistive devices in the three months before the questionnaire is taken. 
All these measurements are performed at baseline, at three months and at six months 
by research assistants who are blind regarding the group allocation of individual 
patients. At the final measurement, patients will also be asked about their adherence 
during the physical therapy process by means of a short questionnaire.  
An influencing variable is the quality of the Coach2-Move strategy as delivered by the 
participating GPTs. Therefore, we will provide the GPTs with an electronic patient file 
in which the clinical reasoning process is supported. An independent researcher, not 
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involved in follow-up measurement (NV), will have access to the patient files of all 
participating GPTs and check the records for consistency with the Coach2Move 
strategy. If the Coach2Move strategy is not being sufficiently followed, the GPT 
concerned will be coached by the independent researcher in the implementation of the 
strategy for that specific patient. We are also developing quality indicators to research 
fidelity to the actual Coach2Move strategy by the participating GPTs. PTs register their 
physical therapy process in the usual way and are not coached during the intervention. 
The patient files of the PTs will be scored with the quality indicators at the end of the 
trial to determine the amount of contrast between the GPT and PT groups. 
 
Patient flow 
Figure 1 describes the patient flow. This RCT has an inclusion period of 15 months and a 
follow-up of six months. This means that the RCT will be completed in 21 months. 
Patient recruitment started in September 2012 and will end in November 2013. 
 
Sample size 
To calculate the sample size, we use the formula for an ANCOVA, derived by Teerenstra 
et al., which states that the sample size uncorrected for clustering and baseline 
measurement has to be multiplied by two factors.31 First, a factor that accounts for the 
clustering: DE = (1+(n-1) *ICC), where n is the average number of patients per therapist 
and ICC is the intra-cluster correlation of patients within a therapist. Second, a factor 
that accounts for the adjustment for baseline: (1-r2) with r = r_c*(n*ICC/DE) + r_s*((1-
ICC)/DE), where r_c is the autocorrelation and r_s is the autocorrelation of patients. 
The autocorrelation is the correlation between the three-month measurement and 
baseline measurement.  
 
Uncorrected sample size 
In our pilot study of ten patients treated by one of two therapists, we found on log 
scale an increase of 1.21 from baseline and a standard deviation of 1.0 (in the pre-
intervention scores). This corresponds to a 3.35 fold increase from baseline scores on 
the untransformed LAPAQ scale. The control group in our study is comparable to the 
experimental group in the study performed by Rubenstein et al., which found a 20% 
increase from baseline (1.2-fold increase).32 Thus the intervention is estimated to be 
3.35/1.2 = 2.8 times as effective as the control treatment. To account for possible 
overestimation of the effect by the pilot study and possible contamination, we assume 
that at least 60% of this effect will be retained; that is, the intervention is at least 1.68 
times as effective as the control. Then, the effect on log scale is 0.5 (SD = 1.0 as 
above). The uncorrected sample size to detect this difference with 80% at a 
significance level of 0.05 is 64 patients per group. 
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Figure 1: Patient flow 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CIRS-G, cumulative illness rating scale for geriatrics; EFIP, evaluative frailty index for physical activity; 
GPE, global perceived effect; GPT, geriatric physical therapist; LAPAQ, LASA physical activity 
questionnaire; modified GUG, modified get up & go test; NRS fatigue, numeric rating scale fatigue, PSC, 
patient specific complaints; PT, physical therapist; SF-36, short form 36; WS, walking speed; 6MWT, 
6 minute walking test. 
 
Adjustment for baseline 
From our pilot study we estimated a subject autocorrelation r_s = 0.73; therapist-
autocorrelation could not be estimated (too few therapists), but conservatively we set 
it to be moderate r_c = 0.4. Then r = 0.6 and the correction for baseline adjustment is 
1-(0.62) = 0.64. 
 
 
 
Information on study and invitation to participate in the study to patients  
attending practice ≥ 70 years with mobility problem and/ or physically inactive lifestyle. 
Informed consent and baseline assessment (T0) by blinded researcher: 
demographic characteristics, LAPAQ, SF-36, modified GUG, WS, 6MWT, EFIP, 
PSC, NRS fatigue, CIRS-G, healthcare utilization. 
Randomization 
Coach2Move 
by GPT
Usual physical 
therapy by PT
3 months 
6 months 
Evaluative assessment (t1) by blinded researcher : LAPAQ, 
SF-36, GUG, WS, 6MWT, EFIP, PSC, NRS fatigue, GPE and 
questionnaire health care consumption 
Evaluative assessment (t2): LAPAQ, SF-36, modified GUG, 
WS, 6MWT, EFIP, PSC, NRS fatigue, GPE, questionnaire 
health care consumption and questionnaire on adherence 
PT registration as usual 
of: frequency and 
duration of contacts, 
goals, intervention 
strategies and 
intervention results.  
Research team contacts all clients willing to participate.  
Eligibility is determined and, when eligible, an appointment for t0 is made. 
Registration in an 
electronic patient file 
especially designed for 
the coach2move 
strategy 
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Clustering 
In our pilot study we found ICC = 0 and, conservatively setting the ICC = 0.05, the 
correction for clustering is 1 + (n-1)*0.05. Allowing for maximal 20% dropout, the 
corrected sample size can be calculated with: 64*0.64*(1 + (n-1)*0.05)* 1/(80%). 
Table 2 gives the sample sizes when a different number of physical therapy practices 
are included. If each participating physical therapist (2 per practice, 13 practices = 
26 physical therapists, 12 physical therapists per group) were to treat 5 patients, a 
total number of 130 patients would be included (65 patients per group). This is more 
than the 62 patients per group necessary according to the power calculation (see 
Table 2). If each therapist were to treat four patients, however, the power would not 
be reached. Therefore we will include 65 patients per group (total = 130) in this trial. 
 
Table 2. Sample size calculation 
 
n=number of patients per cluster Sample size per group:
64*0.64*[1+(n-1)*0.05]* 1/(80%) 
#clusters  group:
Sample size /n 
10 75 8 
9 72 8 
8 70 9 
7 67 10 
6 64 11 
5 62 13 
4 59 15 
 
Statistical analysis 
Descriptive statistics will be used to present group characteristics on age, education, 
marital status, multi-morbidity, level of frailty, number of post-operative patients, 
therapy adherence and adverse effects. Any asymmetry between the intervention and 
control group on these variables at baseline will be statistically corrected. The effects 
of the intervention are analyzed according to the intention-to-treat principle. The 
analysis of the primary and secondary outcome measures employed a linear mixed 
model to relate the three- and six-month outcomes to the effect of the treatment. 
Therapist is taken as a random effect in this model to account for the clustering of 
patients with therapists. Measurement (baseline, 3 months, 6 months) is included as a 
random effect to account for correlation of measurements over time. Because this 
analysis uses all three measurements (baseline, 3 and 6 months), it will actually be 
more powerful than an ANCOVA analysis and the power of the study will be more than 
80%. 
 
Economic evaluation 
This study investigates the potential efficiency of the Coach2Move strategy compared 
with usual physical therapy care in frail elderly patients attending physical therapy 
after referral by a physician or by self-referral. The economic evaluation is based on 
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the general principles of a cost-utility analysis, applying a health care perspective. 
Primary outcome measures for the economic evaluation are: costs and quality adjusted 
life years (QALY) (SF-6D, part of SF-36).26 The incremental cost-effectiveness ratio 
(ICER) 'cost per QALY gained' will be computed and uncertainty surrounding this ICER 
will be determined using a non-parametric bootstrap method. A cost-effectiveness 
acceptability curve will be derived that is able to evaluate efficiency by using different 
thresholds (Willingness To Pay) for a QALY gained. The impact of uncertainty 
surrounding deterministic parameters on the ICER will be explored using one-way 
sensitivity analyses on the range of extremes. 
 
Cost analysis 
The cost analysis measures on patient level, volumes of care (consisting of the 
production factors: personnel, materials and capacity in a prospective way using 
therapist scoring sheets (CRFs)). Per arm full cost-prices will be determined using 
standard unit cost-prices according to the Dutch guidelines for costing research.33 If for 
certain procedures standard unit cost-prices are not available, real cost prices will be 
determined using activity based costing. This approach applies to the health care 
production part of the economic evaluation. Medical costs will be estimated using a 
questionnaire on a three-months recall basis in line with the follow-up pattern of the 
clinical trial.34,35 Non health care costs, like productivity losses, seem irrelevant for this 
population 
 
Health status 
To measure the quality of the health status of the patients the SF-36 will be used. The 
SF-36 is a widely used measure of general health in clinical studies throughout the 
world. It currently generates eight dimension scores and two summary scores for 
physical and mental health. The SF-6D34 provides a means for using the SF-36 in 
economic evaluation by estimating a preference-based single index measure for health 
from these data using general population values. The SF-6D allows the analyst to obtain 
QALYs from the SF-36 for use in cost utility analysis. Utilities will be collected alongside 
the clinical trial as described earlier in the section 'Design'. These utilities will be 
transformed into QALYs using the trapezium method. 
 
Discussion 
Strengths 
This is one of the first RCTs to evaluate a systematic, individually-tailored physical 
therapy intervention for older adults embedded in clinical practice. In most research, 
standardized exercise programs are evaluated while in daily clinical practice physical 
therapy usually is a tailormade intervention. We expect a larger effect from a tailored 
intervention than from a standardized exercise program. In addition, most other studies 
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aim at a specific population of older adults, for example, older adults with diabetes or 
arthritis, excluding older adults with multiple comorbidity. However, most older adults 
have to deal with more than one health problem and do not fulfil the inclusion criteria 
set in most studies on standardized exercise programs. The intervention studied in this 
RCT is therefore more representative for clinical practice than the interventions in 
previously performed RCTs. 
 
Weaknesses 
Although we expect a large effect from an individually tailored intervention, 
researching physical therapy also brings about some difficulties because of the variety 
in the intervention. Every physical therapist deals with patients in his or her own way. 
Additionally, because we include a very broad population of older adults in this RCT, 
there will be some variety in the participants. Finally, implementing a new treatment 
strategy like Coach2Move is a challenging process. A new strategy is not automatically 
adopted by healthcare professionals even after they have been trained in that strategy. 
Various determinants either positively or negatively influence the implementation 
process, for example, the characteristics of the new strategy, characteristics of the 
adopting person, characteristics of the organization or characteristics of the socio-
political context.36 Also, healthcare professionals are thought to go through four stages 
in an implementation process. The first is the dissemination stage in which the 
professional finds/is supplied with the new strategy. The second is the adoption stage 
in which the professional develops either positive or negative intentions about the 
intervention. In the subsequent implementation phase, the professional tries the new 
strategy and finds out what working with the new strategy means. In the fourth and 
final stage, the continuation stage, the new strategy becomes part of routine practice 
or it does not.37 In this RCT on the Coach2Move strategy, we work with GPTs who have 
volunteered to participate in this trial and who are willing to change their professional 
behavior. They did not, however, have the opportunity to 'practice' with the Coach2-
Move strategy before the trial started. Also, willingness to change on the personal level 
does not mean that the organization (a physical therapy practice) fully supports 
implementation of a new strategy. We have tried to improve adherence to the 
Coach2Move strategy by developing an electronic patient file that supports the GPT in 
executing the strategy. In addition, the treatment given to each patient in the 
intervention group is continuously evaluated by one of the researchers (NV), and the 
GPTs are coached in working according to the Coach2Move strategy. However, when 
the RCT has ended we still need to consider whether or not implementation has been 
sufficient. We will use quality indicators and process analysis to do this. 
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Appendix A. Coach2Move Strategy 
 
Indication for geriatric physical therapy consultation: Actual mobility 
problems and/ or physical inactivity or expected in the near future 
(within 3 months)  
 
 
Patient- identified problems (PIPs) 
Enablement: present and desired 
activities and roles 
  
Disablement: health status, 
problems in body function and 
structures, activity, participation, 
environment and personal problems 
including problems identified by 
(informal) caregiver 
Non- patient identified problems (NPIPs):Anticipated problems 
identified by physical therapist/ (informal) caregiver/ professional  
Measurement instruments: LASA Physical Activity Questionnaire 
(LAPAQ)  
 
 
- Present and desirable situation according to ICF classification
- Hypotheses and examination strategy →   consultation other 
disciplines? 
 
 
Physical therapy Exam 
Body Function and Structure: When a problem is expected the following 
measurement instruments could be used: strength: grip strength & MRC 
(or 10RM), endurance: 6 minute walking test (if not possible: 2 minute 
walking test), balance: Berg Balance Scale (BBS)(if not possible Tinitti) & 
Timed Up& Go Test (TUG), joint mobility: Range Of Motion (ROM), 
sensory function: examination sensory function, pain: NRS 
Activity and Participation: Detailed observation of problematic activities 
under the normal circumstances for the patient (preferably at home). 
Measurement instruments: Patient Specific Complaints (PSC)  
 
 
Adjust present and desirable situation according to ICF classification 
based on physical therapy examination 
 
 
Analyses of hypotheses Analysis whether or not the initial hypotheses 
are supported by the physical therapy examination and if there is a 
relationship between the problems identified.  
 
 
Conclusion/ physical therapy diagnosis in ICF terms  
 
 
No intervention, consultation other discipline, geriatric physical 
therapist, general physical therapist.  
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Profile classification 1. no mobility problems, but contextual or personal 
factors making it difficult to maintain physically active. 2. Mobility 
problems which need short term physical therapy to be able to maintain a 
physically active lifestyle safely without guidance. 3. Problems which 
make a physically active lifestyle at this point impossible.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Treatment plan Goal (SMART), strategy, evaluation plan, treatment 
contract with patient  
Intervention profile 1 
Increasing the level of physical 
activity 
Information and advice (max 4 
sessions) 
Intervention profile 2 
Temporary intervention to make it 
possible to safely maintain an active 
lifestyle without guidance  
Information and advice, personal 
possibilities and restrictions, 
improving body function and 
structures (7-9 sessions) 
Intervention profile 3 
Improving/ maintaining mobility, 
activities or participation.  
Improving mobility and/ or reducing 
specific problems in activities, 
functions and structures: strength, 
endurance, balance, ROM, pain. (12-
18 session) 
Treatment evaluation Continuous evaluation using the measurement 
instruments that were used in the diagnostic phase   
Consulting 
other  
disciplines? 
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Abstract 
Background. Despite the well-known health benefits of physical activity it is a great 
challenge to stay physically active for older adults with mobility limitations. 
Objective. To test (cost-)effectiveness of  a patient-centered physical therapy strategy. 
Design. A randomized controlled trial with measurements at three and six months.  
Setting. 13 primary care physical therapy practices in the Netherlands.  
Patients. Community-dwelling older adults aged 70 years or over with mobility 
problems. 
Intervention. A patient-centered physical therapy strategy (Coach2Move) compared 
with usual care physical therapy.  
Measurements. The primary outcome was physical activity (total and moderate 
intensity). Secondary outcomes were: frailty, walking speed and distance, mobility, 
and, quality of life. Healthcare costs and Quality Adjusted Life Years (QALYs) were 
computed and combined using Net Monetary Benefit (NMB) for different Willingness to 
Pay Thresholds (WTP).  
Results. 130 patients participated in this study. At six months, the between-group 
difference was significant for moderate intensity physical activity (mean difference: 
17.9 minutes per day; 95% CI 4.0 to 34.9; p=0.012) and frailty (mean difference: -0.03 
(95% CI: -0.06 to -0.00; p = 0.027) in favor of the Coach2Move group. No significant 
differences were found for other outcomes. Compared to usual treatment the 
Coach2Move strategy resulted in cost savings (€849.8; 95% CI: 1607 to 90; p=0.028), an 
improvement in QALYs, (0.02; 95% CI: 0.00 to 0.03; p= 0.03), and a higher NMB at every 
WTP threshold. 
Limitations. This study did not have a long term follow-up. 
Conclusion. Older adults with mobility problems are able to safely increase physical 
activity in their own environment and reduce frailty. This study emphasizes the 
potential cost-effectiveness of a patient-centered approach in frail elderly.  
Trial Registration the Netherlands National Trial Register (NTR3527). 
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Introduction 
Physical activity is known to be of substantial value in the prevention and treatment of 
many chronic diseases1 and disease related status such as decreased physical 
functioning,2 mobility disability,3 anxiety, and depression.4 In addition, physical activity 
has a positive influence on quality of life and frailty in older adults.5 While the health 
benefits of physical activity are widely known and recognized, it is a great challenge to 
increase physical activity.2 Many older adults remain or become sedentary after acute 
illnesses (e.g. stroke) despite the advice to stay physically active by for instance 
participating in exercise programs.6 Globally, 31% of the population does not meet the 
physical activity standards of 30 minutes of moderate intensity physical activity on five 
to seven days per week. In the United Kingdom, only 9% of the older adults of 75 years 
and over adhered to the physical activity standard in 2008.7 A more patient-centered 
intervention seems to be necessary especially if mobility is threatened by chronic 
conditions or acute physical or social events.8,9 
Patient centeredness is considered to be one of the means to improve healthcare 
systems by achieving better health outcomes, greater patient satisfaction and reduced 
health costs.10 Activities identified as being relevant for patient centered care are: 
patient information, patient involvement (shared decision making), involvement of 
family and friends, patient empowerment (self-management), physical support and 
emotional support. We developed a physical therapy strategy to improve physical 
activity in older adults with mobility problems that includes these patient-centered 
activities. The patient-centered strategy under study was designed using the Medical 
Research Council.11 recommendations for designing complex interventions, and was 
based on both extensive literature studies and expert consultation including 
consultation of the older adults with mobility problems. Potential effectiveness of the 
Coach2Move strategy on physical activity, frailty, quality of life and mobility was shown 
in a pilot study, which justified a larger Randomized Controlled Trial (RCT).12 
The aim of the present RCT was to test the Coach2Move strategy on (cost-) 
effectiveness. We expected the Coach2move strategy to be more effective than usual 
care physical therapy in improving physical activity and, as a consequence, frailty and 
quality of life. The Coach2Move strategy and usual care physical therapy were both 
expected to improve mobility. In addition we expected the Coach2move strategy to be 
more cost-effective than usual care physical therapy because of the more patient-
centered focus and the expected reduction in frailty.  
 
Methods 
Design overview 
The design of this study was a RCT in 13 physical therapy practices. All older adults 
(≥70 years old) who signed up for physical therapy in a participating practice because 
of mobility problems were invited to participate before they were seen by a physical 
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therapist. When willing to participate, potential eligibility was determined by the 
research team by phone, and in case of eligibility, next, an appointment was made for 
the baseline measurement. All measurements took place either in the patient's home or 
the physical therapy practice in which the patient would receive treatment. Written 
informed consent was signed at the start of the baseline measurement. A detailed 
description of the trial protocol has been outlined elsewhere.13 
 
Setting and participants 
Participants were older adults aged 70 years or over with mobility problems who signed 
up for physical therapy because of these mobility problems. In addition, potential 
participants had a sedentary lifestyle or were at risk to lose mobility or an active 
lifestyle in the near future (as rated by the participant, relatives, or a referring 
physician). Exclusion criteria were: 1. Unable to walk 5 meters (walking aid allowed); 
2. Unable to follow verbal or written instructions because of cognitive problems 
(Minimal Mental State Examination score < 21) or unable to understand Dutch language; 
3. Palliative phase of illness; 4. Acute illness with hospital indication; 5. Living in a 
nursing home; 6. Severe degenerative neurological disease; 7. Having a 
contraindication to be physically active; 8. Having had physical therapy for a period 
longer than four weeks during the last six months.   
 
Randomization  
Randomization was prepared at patient level for each physical therapy practice using a 
computer- generated- random- sequence table by a researcher not involved in follow-
up measurement. After the baseline measurement a sealed envelope, containing a 
sheet of paper indicating one of the two interventions, was delivered to the practice 
secretary or physical therapist. Patients were informed about their treating therapist 
after the research assistant involved in the baseline measurement had left. Physical 
therapy according to the Coach2Move strategy was given by an educated physical 
therapist, specialized in geriatrics and usual care physical therapy by a physical 
therapist without this additional education in geriatrics. The involved physical 
therapists and physical therapists, specialized in geriatrics had a comparable amount of 
clinical experience with geriatric patients. Patients were not informed on being in the 
'experimental' or 'control' group. Follow-up measurement at three and six months was 
performed by research assistants not aware of group allocation.  
 
Intervention 
The Coach2move strategy helps physical therapists, specialized in geriatrics in 
providing a patient-centered approach by supporting clinical reasoning. Clinical 
reasoning is stimulated by using an extensive, pre-structured, systematically organized 
diagnostic protocol supported by an electronic health record. Based on this 
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comprehensive intake, a stratified, goal-oriented treatment plan that fits the 
preferences, needs and barriers of the patient and his environment, is designed. The 
patient is categorized in one of three intervention profiles with a predefined number of 
consults. The physical therapist coaches and motivates the patient to increase physical 
activity in all intervention profiles. Participating physical therapists were educated in 
the Coach2Move strategy during a two-day training (table 1).  
 
From the patient perspective, treatment according to the Coach2Move strategy means 
a more detailed examination, active involvement in decisions on (meaningful) 
treatment goals, appropriate intervention (shared decision making), and, active 
involvement in reaching these goals in which family, friends, or (informal) caregivers 
are involved.  
The control intervention consisted of usual care physical therapy. No instructions were 
given on treatment content, frequency and/ or duration. 
 
Study parameters 
Measurements were performed at baseline (t0), three (t1), and six months after 
baseline (t2). The main study outcome is physical activity at six months as measured 
using the LASA Physical Activity Questionnaire (LAPAQ).14 Two primary outcomes were 
computed from the LAPAQ data: total physical activity and moderate intensity physical 
activity in minutes per day. The latter outcome includes all domains of the LAPAQ 
except light household chores (i.e. cooking, doing dishes). This outcome was used 
because most physical activity standards prescribe moderate intensity physical activity 
which does not include light household work.1,15 Secondary outcomes included mobility 
(Get Up & Go Test in seconds, 6 Minute Walking Test in meters and walking speed in 
meters/second16-18), quality of life, (Short Form-36, score 0-10019) frailty, (Evaluative 
Frailty Index for Physical activity, score 0.00-1.0020), fatigue (Numeric Rating Scale – 
fatigue, score 0-10,21 and patient specific complaints (PSC, score 0-10).22 Multi 
morbidity was registered using the Cumulative Illness Rating Scale-Geriatrics (CIRS-G).23 
To monitor falls, a question focusing on the number of falls in the preceding three 
months was asked.  
For the economic evaluation, health care utilization was registered by means of a 
questionnaire. The questionnaire considered the type and number of health care use 
including primary care, analgetics, hospital stay, nursing home stay, use of residential 
facilities, home care (household and nursing) and the purchase of assistive devices in 
the three months before the questionnaire was taken.  
 
 
 
 
7 
Managing the decline: physical therapy in frail elderly 
146 
Table 1. Coach2Move strategy, implementation strategy and, similarities and contrasts between 
studied interventions 
 
Intervention 
profile 
Population Intervention
Profile 1  
(max. 4 sessions) 
Physically inactive older 
adults without physical 
constraints to become 
(more) physically active. 
Coaching on self management to become more physically 
active. 
Profile 2  
(max. 9 sessions) 
Older adults with minor 
or acute mobility 
problems. 
1.Temporary physical therapy intervention to overcome 
barriers to become (more) physically active (e.g. training of 
strength, endurance, flexibility or balance, fear reduction, 
involving social environment, adaptation to personal 
factors, advising walking aids etc.). 2.Coaching on self 
management to become more physically active. 
Profile 3 
(max. 18 sessions) 
Older adults with 
moderate to severe 
mobility problems and 
specific problems in 
activities and 
participation 
1.Physical therapy intervention aimed at decreasing 
mobility problems and problems in activity and 
participation.2. Temporary physical therapy intervention to 
overcome barriers to become (more) physically active (e.g. 
training of strength, endurance or balance, fear reduction, 
involving social environment, advising walking aids etc.).3. 
Coaching on self management to become more physically 
active. 
General  Older adults (≥70 years) 
with mobility problems 
with or without a 
physically inactive 
lifestyle who are at risk 
to lose mobility or an 
active lifestyle in the 
near future.  
Key elements of this six-step Coach2Move strategy 1) 
Exploring the question for help and the barriers and 
facilitators (physical, social and environmental) in relation 
to physical activity by using motivational interviewing 
techniques in an extensive intake; 2) Setting priorities in 
physiotherapy diagnosis and treatment by using an 
algorithm that emphasizes clinical reasoning; 3) Shared 
decision-making on meaningful treatment goals focused on 
abrogating barriers and increasing physical activity; 4) 
Coaching on self- management and self-efficacy to increase 
long term results; 5) Focus on meaningful activities at home 
with help from family, friends and/or professionals; 6) 
Stratified intervention by using three patient-tailored 
intervention profiles with a predefined number of 
intervention sessions. 
Implementation 
strategy 
1. Two-day training in Coach2Move strategy; 2. Three follow-up meetings in which 
problems encountered were discussed; 3.Use of Coach2Move supportive electronic 
patient file;4.Coaching in the execution of the Coach2Move strategy by researcher 
(NdV) during the RCT: NdV checked all health records and contacted GPTs to give 
instructions and advice, when necessary; 5. Possibility to consult researcher (NdV) 
with questions considering the execution of Coach2Move. 
Similarities and 
contrasts with 
Usual Care 
Physiotherapy 
Similarities: Individual intervention, use of physical therapy modalities (such as 
training of strength, endurance, balance, flexibility, functional training etc.). 
Contrast: using an extensive intake based on a decision algorithm, using motivational 
interviewing, setting meaningful goals on increasing PA, enhancing self management, 
using personal and environmental factors, using intervention profiles with a 
predefined number of consults, intervention given by a PT with additional education 
in geriatrics and Coach2Move. 
 
Statistical Analysis 
The study was designed to have 80% power at a significance level of 0.05 and to detect 
an effect size of 1.68 between the intervention and the control group based on data 
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from our pilot study and literature.24 The necessary sample size was 130 patients taking 
into account a drop-out rate of 20%. The sample size calculation has been previously 
described in detail.12 Statistical analyses were performed based on the intention to 
treat principle. Descriptive statistics were used to describe the study groups. Linear 
mixed models with repeated measurements structure (baseline, three and six months) 
were used with each of the outcomes as dependent variable and group as fixed 
variable. Physical therapy practice was taken as random effect in this model to account 
for clustering of patients. Mean differences between groups at each measurement point 
are presented with 95% confidence intervals. Effect sizes (Cohen's d) were calculated 
by dividing the mean difference in effect between the Coach2Move and the usual care 
physical therapy group by the pooled standard deviation. In a post-hoc analysis we 
compared the proportion of patients that did not fulfill the physical activity standard at 
baseline, but did at 6 months (responders) and we determined the proportion of 
participants that reported one or more falls. The number of responders and fallers was 
compared between groups using a Chi-square test.  
 
Cost-utility analysis was performed from a healthcare perspective perspective. Cost-
prices were determined using standard unit -cost-prices according to the Dutch 
guidelines for costing research25 or real cost-prices were determined using activity 
based costing (Appendix A). Only costs that could be related to physical therapy were 
taken into account. For example, orthopedic surgery was included while chemotherapy 
was excluded. Of the drug use, only analgetics were taken into account. Quality of 
health status was analyzed by transforming the SF-36 scores to SF-6D scores which 
were, consequently, transformed into quality adjusted life years (QALYs) using the 
trapezium method. Because we needed to correct for coincidental unbalanced 
allocation in an observed confounder (baseline cost) as well as potential cluster effects 
(physical therapy practice), a regression based approach to cost-effectiveness analysis 
was applied.25 Therefore the net monetary benefit statistic (NMB) was used, defined as: 
NMB = Willingness to pay (WTP) *Effect – Costs. Six threshold values of WTP for a QALY 
gained were used (table 4). The decision rule states that the option with the highest 
NMB is the most cost-effective given that specific WTP (26). NMB differences between 
groups for different WTP thresholds were subsequently statistically tested using mixed 
model analyses in which physical therapy practice was included as a random factor, a 
correction for difference in baseline costs was applied and was bootstrapped 200 times.  
In a post hoc analysis, the proportion of patients that had to deal with one or more 
major incidents (visit emergency department, hospital admission, nursing home 
admission, temporary stay in residential care facility) or died was compared between 
groups using a Chi square test.  
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Role of the Funding Source 
This study was funded by the Royal Dutch Society for Physical Therapy and co-financed 
by The Netherlands Organization for Health Research and Development. The funding 
source had no role in study design, data collection, interpretation or preparation of this 
manuscript.  
 
Figure 1: Trial Flowchart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Assessed for eligibility (n=361)
Excluded (n=231)
• Declined to participate (n=122)  
• Not meeting inclusion criteria (n=109) 
T1 measurement at 3 months: 
Lost to follow-up (n=3) : 
- Death (n=0) 
- Hospital admission (n=1) 
- Health problems (n=1) 
- Lost interest (n=1) 
- Other reason (n=0) 
Missing data walking tests (n=1)  
Allocated to coach2move strategy (n=64)
• Received allocated intervention (n=63) 
• Did not receive allocated intervention (n=1) 
T1 measurement at 3 months:  
Lost to follow-up (n=8): 
- Death (n=3) 
- Hospital admission (n=1) 
- Health problems (n=0) 
- Lost interest (n=4) 
- Other reason (n=0) 
Missing data walking tests (n=3) 
Excluded from analysis (n=1) 
Allocated to usual care physical therapy (n=66)
• Received allocated intervention (n=65) 
• Did not receive allocated intervention (n=1 ) 
Randomized (n=130) 
T2 measurement at 6 months: 
Lost to follow-up (n=1): 
- Death (n=0) 
- Hospital admission (n=1) 
- Health problems (n=0) 
- Lost interest (n=0) 
- Other reason (n=0) 
Missing data walking tests (n=6)  
T2 measurement at 6 months: 
Lost to follow-up (n=1):  
- Death (n=0) 
- Hospital admission (n=0) 
- Health problems (n=1) 
- Lost interest (n=0) 
- Other reason (n=0) 
Missing data walking tests (n=4)  
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Results 
Between September 2012 and November 2013, 361 potentially eligible patients were 
informed about the study (figure 1). Participation was declined by 122 patients and 109 
patients did not fulfill the inclusion criteria. 130 eligible patients were randomly 
assigned to the intervention group (n=64) and the control group (n=66). One of the 
patients assigned to the usual care physical therapy group was excluded after 
randomization based on additional information about the patients' health status which 
did not meet the inclusion criteria. In both intervention groups, one patient declined 
the allocated intervention because the health insurance did not cover treatment. Some 
patients in both groups were not able or willing to perform the walking tests at follow-
up measurement. There were no missing data on the questionnaires.  
Demographic characteristics of participants are shown in table 2. There were no 
statistically significant differences between groups at baseline.  
 
Table 2. Demographic characteristics and baseline 
 
 Coach2Move (n=64) Usual Care PT (n=65)
Demographic characteristics n (%) or mean (SD) n (%) or mean (SD)
Age (years) 78.4 (5.5) 78.6 (5.5) 
Men   16/64 (25%) 20/65 (31%) 
CIRS co morbidity score, higher score, more co morbidity 7.27 (3.2) 6.25 (2.6) 
Educational level  
• High 5/49 (10%) 5/60 (8%) 
• Middle 7/49 (14%) 10/60 (15%) 
• Low 37/49 (76%) 45/60 (77%) 
Marital status: having a partner  31/64 (48%) 35/65 (54%) 
Living in a residential care facility  3/64 (5%) 2/65 (3%) 
Post-operative status  15/64 (23%) 13/65 (20%) 
Baseline values at the outcome measures  
Total PA (minutes per day) 87.0 (56.6) 87.9 (61.0) 
Moderate intensity PA (minutes per day) 28.8 (29.7) 35.4 (35.4) 
Frailty (0.00-1.00, higher score, more frailty) 0.34 (0.1) 0.30 (0.1) 
Quality of life, physical subscale (0-100, higher score, 
 better quality of life) 
30.8 (9.3) 34.0 (10.8) 
Quality of life, mental subscale (0-100, higher score, 
 better quality of life) 
56.7 (8.8) 56.2 (10.8) 
Walking speed (m/s) 0.83 (0.3) 0.83 (0.3) 
Mobility (s, Get Up & Go Test) 34.7 (15.0) 35.1 (18.1) 
Walking distance (m) 225.1 (117.3) 240.4 (102.9)
Patient Specific Complaints (0-10, higher score, more 
complaints) 
7.6 (3.1) 7.2 (2.1) 
Fatigue (0-10, higher score, more fatigue) 5.2 (2.2) 5.2 (2.2) 
Primary Care Costs (€) 
• Physical Therapy Costs (€) 
88.54 (161.6)
30.80 (135.5) 
71.98 (128.3)
23.82 (87.6) 
Medication Costs (€) 19.52 (125.3) 1.45 (4.2) 
Hospital Care Costs (€) 1875.06 (4254.5) 1639.69 (3642.2)
Outpatient Care Costs (€) 2392.09 (8852.3) 2553.20 (6268.4)
Home Care Costs (€) 1213.41 (2027.4) 1026.43 (1477.4)
Assistive Devices Costs (€) 113.09 (415.3) 38.49 (150.2)
Total Costs (€) 6466.60 (11154.1) 5398.06 (8321.3)
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The primary and secondary outcomes at three and six month follow-up are presented in 
Table 3.  
 
Table 3.  Primary and secondary outcomes of the intention-to-treat analysis at 3 months and 
6 months after baseline 
 
 
 
n 3 months n 6 months
  Mean (95% CI) Mean (95% CI)
Total Physical Activity (min/day)  
Coach2Move 64 117,9 (97.3 to 138.5)** 60 118,4 (97.8 to 139.0)**
Usual Care PT 65 109.1 (94.4 to 123.8) * 56 104.3 (89.6 to 119.0)*
Moderate Intensity Physical Activity (min/ day)  
Coach2Move 64 55.0 (41.3 to 68.7)** 60 62.7 (49.0 to 76.4)**
Usual Care PT 65 45.1 (35.3 to 54.9) 56 44.8 (35.0 to 54.6)
Frailty (0.00-1.00; higher score, more frailty)  
Coach2Move 64 0.24 (0.22 to 0.27)** 60 0.25 (0.23 to 0.27)**
Usual Care PT 65 0.27 (0.25 to 0.29)* 56 0.28 (0.26 to 0.30)
Waling Speed (m/s)  
Coach2Move 63 0.98 (0.91 to 1.05)** 54 0.99  (0.92 to 1.06)**
Usual Care PT 65 0.93(0.88 to 0.98)** 52 0.95 (0.90 to 1.0)**
Mobility (s, Get Up & Go Test)  
Coach2Move 60 30.7 (26.4 to 35.0)** 54 30.8 (26.3 to 35.4)**
Usual Care PT 63 31.1 (28.0 to 34.2)** 52 31.4 (28.3  to 34.5)**
Walking Distance (m)  
Coach2Move 62 278.4 (252.3 to 304.5)** 54 288.6 (261.9 to 316.3)**
Usual Care PT 63 273.2 (254.2 to 292.2)** 52 287.8 (268.6 to 307.0)**
Quality of Life- Physical Subscale (0-100, higher score, better quality of life)
Coach2Move 64 40.2 (36.9 to 43.5)** 60 42.2 (38.9 to 45.5)**
Usual Care PT 65 40.5 (38.1 to 42.9)** 56 39.1 (36.7 to 41.5)**
Quality of Life – Psychological Subscale (0-100, higher score, better quality of life) 
Coach2Move 64 54.8 (51.5 to 58.1) 60 54.4 (51.0 to 57.7)
Usual Care PT 65 52.5 (50.1 to 54.9)** 56 55.2 (52.8 to 57.6)
Patient Specific Complaints (0-10, higher score, more complaints)
Coach2Move 64 5.0(3.9 to 6.0)** 60 4.6 (3.6 to 5.7)**
Usual Care PT 65 5.3 (4.6 to 6.0)** 56 5.3 (4.6 to 6.0)**
Fatigue (0-10, higher score, more fatigue)  
Coach2Move 64 4.5 (3.7 to 5.4) 60 4.4 (3.5 to 5.2) 
Usual Care PT 60 5.0(4.0 tot 5.2) 56 4.6 (4.0 to 5.2) 
Means and mean differences between and within groups were estimated based on linear mixed models 
for repeated measurement; Difference at 3 months: all outcomes, except the Short Form 36 – physical 
subscale, favor the Coach2Move Group;  
 
The estimated between group difference at six months on the primary outcome was 
17.9 minutes per day (95% CI 4.0 to 34.9, p=0.012) for moderate intensity physical 
activity and 14.1 minutes per day (95% CI -6.6 to 34.9, p=0.182) for total physical 
activity in favor of the Coach2move intervention. For frailty the estimated difference 
was -0.03 (95%CI: -0.06 to -0.00; p = 0.027). The effect size (Cohen's D) for moderate 
intensity physical activity was 0.38 (95% CI: 0.01, 0.74) and for frailty; -0.23 (95% CI: -
0.59, 0.13). 
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Difference between groups 
at 3 months 
Difference between groups 
at 6 months 
Mean Difference (95% CI) P value Mean Difference (95% CI) P value 
  
8.8 (-11.9 to 29.5) 0.40 14.1 (-6.6 to 34.9) 0.182
  
  
9.9 (-3.9 to 23.7) 0.160 17.9 (4.0 to 31.7) 0.012
  
  
-0.02 (-0.00 to 0.00) 0.090 -0.03 (-0.06 to -0.00) 0.027
  
  
0.05 (-0.02 to 0.22) 0.178 0.04 (-0.03 to 0.11) 0.28
  
  
-0.4 (-4.8 to 4.0) 0.85 -0.7 (-5.0 to 3.9) 0.80
  
  
5.2 (-21.1 to 31.5) 0.70 0.8 (-26.1 to 27.6) 0.96
  
  
-0.3 (-3.6 to 3.0) 0.86 3.1 (-0.2 to 6.4) 0.07
  
  
2.2 (-1.1 to 5.6) 0.184 -0.9 (-4.2 to 2.5) 0.62
  
  
-0.3 (-1.4 to 0.7) 0.54 -0.7 (-1.7 to 0.4) 0.20
  
  
-0.5 (-1.4 to 0.4) 0.27 -0.2 (-1.1 to 0.6) 0.62
 
Difference at 6 months: all outcomes, except the Short Form 36 – psychological subscale, favor the 
Coach2Move Group; *within group difference p< 0.05  **within group difference p <0.01 
 
Post-hoc analyses showed no difference in the proportion of participants that reported 
one or more fall incidents. In the Coach2Move group 18 participants fell 1 time during 
the six month follow-up and nine participants had more than one fall incident. For the 
usual care physical therapy group 13 participants reported one fall incident and nine 
fell more than once. The number of patients that was not 30 minutes per day physically 
active at moderate intensity at baseline, but was at six months, was significantly higher 
in the Coach2Move group (35%) compared to the usual care physical therapy group 
(18%) (Chi-square test (p=0.037).  
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Tables 4 and 5 show the results considering cost-effectiveness. Treatment according to 
the Coach2Move strategy resulted in both statistically significant savings of €848.8 (95% 
CI:  -1607 to -90, p=0.028) and higher QALYs (mean difference: 0.02, 95% CI: 0.00 to 
0.03 p= 0.011). Table 5 shows that the NMB of the Coach2Move approach was higher 
than the NMB of the usual care physical therapy group at every WTP threshold of the 
pre-specified range. The incremental NMB was in favor of the Coach2Move strategy 
with a probability of the Coach2Move strategy being cost-effective compared to usual 
care physical therapy of over 95% (figure 2).  
 
Figure 2: Incremental Net Montetary Benefit and acceptability curve 
 
 
 
The lines with dots show the confidence interval. The straight line shows the incremental Net Monetary 
Benefit. 
 
 
 
The straight line shows the acceptability curve. 
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Frequencies of health care use are laid out in Appendix B. The mean number of physical 
therapy sessions was significantly (p=0.003) lower in the Coach2Move group (Mean: 11, 
SD: 4.5) than in the usual care physical therapy group (Mean: 17, SD: 15.0). The 
proportion of patients that had to deal with one or more major incidents (visit 
emergency department, hospital admission, nursing home admission, temporary stay in 
residential care facility) or died was significantly higher in the usual care physical 
therapy group than in the Coach2Move group: 22% and 8% respectively (p=0.028).  
 
Discussion 
Our study shows that the patient-centered Coach2Move strategy is effective in 
enhancing moderate intensity physical activity and in reducing frailty in older adults 
with mobility problems. In addition, Coach2Move has lower costs, higher benefits, and 
fewer incidents compared to usual physical therapy management.  
Both studied interventions used physical therapy strategies (e.g. strength training, 
balance training) and were effective in increasing physical capacities such as walking 
speed and distance. Older adults in the Coach2move group, however, were able to use 
these capacities to increase activities in daily life, to decrease frailty and to sustain 
these improvements. The Coach2Move intervention was tailored on personal 
impairments, disabilities and participation problems that were systematically diagnosed 
in an extensive intake. The patient was involved in clinical decision making and, most 
importantly, the physical and social environment was involved in the treatment process 
which probably has supported the retention and sometimes even the improvement in 
functioning, even after physical therapy had ended.  
Exercise and physical activity are thought to be the most important interventions to 
ameliorate frailty because of its positive influence on multiple frailty related factors 
such as muscle strength, activity level and walking speed.5,27 The direct effect on 
frailty is an important and promising result of our study. Most studies only consider 
physical aspects of frailty while research has shown that psychological and social 
factors also influence the level of frailty.28 This study is the first study to show a 
reduction in frailty as measured on multiple dimensions, based on a physical activity 
intervention. Because frailty is a powerful predictor of adverse health outcome, 
reducing frailty could possibly have large positive effects on health status for a longer 
time and could further reduce future health care costs. The clinical importance of the 
decrease in frailty we found needs to be assessed in future studies.  
Inconsistent results have been found considering the effectiveness of patient-centered 
care.29,30 It has been shown that standard protocols are not sufficient to treat older 
adults with multi morbidity.31 Integrating the principles of patient-centered care in 
clinical reasoning can offer a solution for physical therapy by combining the knowledge 
from evidence based physical therapy protocols, the clinical experience of physical 
therapists and patient preferences and needs. Our study shows that a patient-centered 
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physical therapy approach is feasible and effective for older adults with mobility 
problems which emphasizes the importance of a shift towards patient-centered care in 
order to improve health care efficiency.  
In a meta-analysis of our research group, we could not confirm an increase in physical 
activity as a result of physical exercise therapy in community-dwelling older adults with 
mobility problems and/ or multi morbidity.2 A recent study that compared a group 
exercise program with a home based exercise program coached by a mentor and a usual 
care control group in older adults over 65 years old, found an increase of 15 minutes of 
physical activity per day in the group exercise program and a 9% increase in the 
proportion of participants that fulfilled physical activity standards.32 In our study, we 
found a much larger increase: the Coach2Move group increased moderate intensity 
physical activity with over 30 minutes per day and a proportion of 35% of the 
participants in the Coach2Move group did not fulfill the physical activity standard at 
baseline, but did at six months. In addition, the participants in the present study were 
of higher age and had already existing mobility problems. In contrast to the other 
studies we also found healthcare cost savings.  
Contamination between the two participating physical therapists in one practice might 
have been an issue. We believe that the risk of contamination was minimized because 
specific skills and knowledge are needed to apply the Coach2Move strategy. Even 
though the Coach2Move strategy uses the same exercise modalities and therefore 
intuitively seems very similar to usual care physical therapy, research has shown that 
physical therapists do not generally set patient-centered goals on improving physical 
activity and physical therapists are not trained specifically to stimulate shared decision 
making and to apply coaching techniques to increase self management.33 
Even though we applied broad in- and exclusion criteria as present in typical daily 
clinical practice, we had some difficulty, in the inclusion of patients. Many potential 
participants declined to participate, mostly because they preferred a specific therapist 
and did not want to be randomized which possibly limits generalizability of our study 
findings. Another limitation of the present study is the lack of a control group that did 
not receive an intervention to account for natural recovery. In addition, the follow-up 
period of six months is relatively short. 
Our study shows that older adults with mobility problems are able to safely increase 
physical activity in their own environment and decrease the level of frailty when they 
are adequately coached by a physical therapist that has the knowledge and skills to 
take health status, personal needs, preferences, facilitators and barriers into account. 
Moreover, this study emphasizes the potential cost-effectiveness of patient-centered 
care in frail older adults. The results of this study justify a future study with long-term 
follow-up to replicate present findings. In addition, the Coach2Move strategy could be 
used as an example to incorporate patient-centered strategies in daily physical therapy 
care.  
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Appendix A. Unit Cost Prices 
 
Resource Use Unit Cost (€) Source
Primary Care 
Coach2Move (geriatric physical 
therapy) 
46 per session Standard Unit Cost Price: Dutch guideline 
for costing research corrected for higher 
rate for specialized pt’s (Royal Dutch 
Association for Physical Therapy) 
Usual care (regular physical 
therapy) 
36 per session Standard Unit Cost Price: Dutch guideline 
for costing research· 
Group physical therapy  15 per session Cost price (Royal Dutch Association for 
Physical Therapy) for groups of 5 to 10 
people· 
General Practitioner 28 per visit Standard Unit Cost Price: Dutch guideline 
for costing research·  
Home visit general practitioner 43 per visit Standard Unit Cost Price: Dutch guideline 
for costing research· 
Other allied health care 
practitioners (occupational 
therapist, chiropractor, 
acupuncture, podiatrist)  
36 per visit Standard Unit Cost Price: Dutch guideline 
for costing research 
Specialized nuse 9 per visit Dutch Healthcare Authority 
Pain Medication Dependent on type of 
medication: 0·02- 31 
Cost price (www·medicijnkosten·nl) 
Hospital Care  
Specialized physician 64 Standard Unit Cost Price: Dutch guideline 
for costing research· 
X-ray 47  Dutch Healthcare Authority 
MRI 200 Dutch Healthcare Authority 
Emergency department 151 per visit Standard Unit Cost Price: Dutch guideline 
for costing research· 
Hospital admission 435 per day Standard Unit Cost Price: Dutch guideline 
for costing research· 
Surgery Dependent on type of 
surgery: 1375 – 10925 
Dutch Healthcare Authority  
Outpatient Care 
Nursing home admission 238 per day Standard Unit Cost Price: Dutch guideline 
for costing research· 
Residential home admission 90 per day Standard Unit Cost Price: Dutch guideline 
for costing research· 
Home Care  
Home care (nurse) 44 per hour Standard Unit Cost Price: Dutch guideline 
for costing research· 
Home care (housework)  24 per hour Standard Unit Cost Price: Dutch guideline 
for costing research· 
Meal service (at home) 5 per meal Real cost price
Meal service (at community center) 7 per meal Real cost price 
Assistive Devices  
Assistive devices, among others: 
1· Cane 
2· Crutches 
3· Walker 
4· Wheelchair 
5· Orthopedic shoes  
6· Other 
1· 13 
2· 23 
3· 90 
4· 199 
5· 1200 
6· 40-1200 
Real cost price
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Appendix B.  Frequencies of used resources 
 
Resource Use Coach2Move (n=60) Usual Care PT (n=55)
 N % n %
Primary care 
Physical therapy* 
- <5 sessions 
- 5-12 sessions 
- 13-18 sessions 
- >18 sessions 
- 5 
- 40 
- 10 
- 5 
- 8·3 % 
- 66·7 % 
- 16·7 % 
- 8·3 % 
- 2 
- 28 
- 10 
- 15 
 
- 3·6 % 
- 50·9 % 
- 18·2 % 
- 27·3 % 
Group physical therapy  - 0 - 0 % - 3 - 5·5%
General Practitioner (including home visits)
- 0 visits 
- 1 visit 
- 2 visits 
- >2 visits  
- 10 
- 12 
- 15 
- 23 
- 16·7% 
- 20·0 % 
- 25·0 % 
- 38·3% 
- 8 
- 18 
- 16 
- 13 
 
- 14·5 % 
- 32·7 % 
- 29·1 % 
- 23·6 % 
Other allied health care practitioners 
(specialized nurse, occupational therapist, 
chiropractor, acupuncture, podiatrist) 
22 36,7 %
 
8 14·5 %
 
Pain medication 19 31·7% 19 34·5%
Hospital care  
Consultation specialized physician 24 40 % 26 47·3 %
Diagnostics (X-ray, MRI) 8 13·3% 9 16·4%
Emergency department 3 5·0% 4 7·3 %
Hospital admission 2 3·3 % 5 9·1%
Other hospital care (pain treatment, 
surgery) 
2 3·3 % 1 1·8 %
Outpatient Care 
Nursing home admission 0 0·0 % 1 1·8%
Residential home admission  1 1·7 % 2  3·6 %
Home Care  
Home care (nurse) 13 21·7 % 17 30·9%
Home care (housework)  35 58·3 % 40 72·7 %
Meal service (home or residential home/ 
community center) 
9 15·0 %
 
9 16·4%
Assistive Devices  
Cane 6 10·0 % 1 1·8%
Crutches 2 3·3 % 1 1·8 %
Walker 5 8·3 % 4 7·3 %
Other 2 3·3 % 4 7·3%
Death 0 0·0% 3 5·5 %
Number of incidents (emergency 
department visits, hospital admissions, 
nursing home admissions, residential home 
admissions, death) 
6 10·0% 15 27·3 %
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Introduction 
The ageing society urgently needs effective and efficient interventions that enable 
older adults to manage their lives despite increasing disabilities and decreasing 
functioning. This thesis shows that physical therapy can help older adults to cope with 
or to compensate for mobility problems and increase their activity level. Physical 
therapy treatment according to the patient-centered Coach2Move strategy by physical 
therapists specialized in geriatrics resulted in larger effects on health status and less 
health care costs compared to usual care physical therapy. Even though usual care 
physical therapy was as effective as the Coach2Move approach in improving mobility, 
the Coach2Move approach enabled older adults to use their improved mobility to 
become more physically (and socially) active, to increase quality of life, to decrease 
frailty and therefore decrease health care costs.1 These results emphasize the personal 
and economical importance of a transition towards patient-centered and stratified 
care.  
Box 1 and 2 summarize the treatment given to the patients that were introduced in the 
general introduction. As can be read in the boxes, these two patients received very 
different treatments and these cases serve as good examples of the difference between 
the Coach2Move approach and usual care physical therapy. The information in Box 1 
and 2 was extracted from the health records kept by the physical therapists. Box 3 
contains the data of these patients that was collected by the research assistants 
involved in the Coach2Move study. This information further supports the differences 
between the Coach2Move strategy and usual care physical therapy and is also 
illustrative of the differences in outcomes between both interventions.  
Both described patients suffer from pain; they need help to get back on their feet and 
to be able to perform their (social) activities. As can be seen in the descriptions in 
Box 1 and 2, the information presented in the Coach2Move case is more extensive and 
detailed than that in the usual care physical therapy case. This can be seen as one of 
the contrasts between both approaches. The Coach2Move physical therapist has more 
dedicated time to talk with the patient and to get to the core of his/ her problems, 
possibilities and preferences. This information is essential for choosing adequate 
measurement instruments in the diagnostic phase, but also to achieve mutually agreed 
treatment goals and treatment modalities. For example, Box 3 shows that Mrs. V. was 
still quite active at the start of physical therapy, despite the pain she suffered after 
the fall incident. The physical therapist did not report this. No measurement 
instruments were applied and no extensive information from the history taking is 
available as basis for clinical reasoning (Box 2). Possibly, the physical therapist 
underestimated the level of functioning of the patient and offered therapy that did not 
suit this level. In addition, the physical therapist did not use personal and contextual 
factors (wanting to participate and help in the family business, go to the bridge club) to 
set personalized treatment goals which could have motivated the patient to stay 
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physically active. Instead, general, non-personalized treatment goals were set at a very 
long term of 6 months (Box 2). The Coach2Move physical therapist who treated Mrs. F, 
on the other hand, adequately used her personal motivators and barriers for becoming 
more physically and socially active, despite the presence of pain (Box 1), leading to a 
decrease of frailty and increase in quality of life (Box 3).  
 
Box 1.  Mrs. F – Coach2Move strategy 
 
Diagnosis by physical therapist 
Distortion of the medial collateral ligament of the knee and contusion of the greater trochanter. 
Before physical therapy started, the physical therapist wanted to exclude (small) fractures to make sure 
that there was no contra-indication to be physically active. Therefore the general practitioner was 
contacted and X-ray's were made. The results showed no fractures in the leg or pelvis.  
Facilitating (psychosocial and environmental) factors: motivation to participate in community center, to 
visit family and to help friend as an informal caregiver. Barriers: Fear of movement, depressed feelings 
because of immobility, widow (no social support at home).  
 
Treatment goals 
Within 8 weeks Mrs. F wants to be able to: 
• Do groceries independently (500 meter walk) with or without a walking aid. 
• Help her friend as an informal caregiver. Her friend lives in a town at 5km distance. To go see him, 
she must be able to travel by bus.  
• Participate in social activities: at the community center (200 meter walk), visit daughter and 
granddaughter (travel by bus). 
Sub goals: improving stability of the left knee and reducing movement fear. 
 
Treatment 
Treatment consisted of coaching and advice considering resuming activities despite pain. To support 
this process the physical therapist trained her in using a walking aid and provided her with a knee 
brace. The use of these assistive devices was subsequently reduced during treatment and Mrs. F learned 
to use her walking aid for long distances and for doing groceries. Mrs. F was stimulated to perform an 
exercise program to improve stability of the left knee at home. Information and advice considering the 
nature of her problems was given in order to reduce fear of movement. Mrs. F had 9 physical therapy 
consults in total.  
 
Evaluation 
Walking distance and walking speed had improved enormously after physical therapy treatment. Pain 
was still present, but it did not limit her in performing (social) activities any more. Mrs. F is confident 
that physical activity does not provoke more pain and that she is able to continue her activities on her 
own. She is very satisfied with the treatment results. 
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Box 2 Mrs. V Usual Care physical therapy 
 
Physiotherapeutic diagnosis 
Contusion of the lower back and pelvis in combination with a general decrease in physical functioning 
and mobility.  
 
Treatment goals 
Improving lower back and pelvis function in order to resume activities of daily living within 6 months. 
Sub goals are: improving endurance and walking distance (from 100 meters to 200 meters), decreasing 
pain (numeric pain rating scale: to 0-1), and reducing fear of walking.  
 
Treatment 
The treatment consisted of exercise therapy. At first, the therapy was given at home. Exercises that 
were performed were for example: leg extensions and standing up from a chair. Eventually the patient 
came to the physical therapy practice to perform exercises on the treadmill and leg press.  
 
Evaluation 
After 15 consultations, the patients stopped physical therapy on her own initiative. From the physical 
therapist perspective, the treatment goals were not yet reached. No (objective or subjective) 
evaluation was performed. 
 
In addition, no tests were performed before or during the usual care treatment 
episode, while the Coach2Move physical therapist did apply clinimetrics in the 
diagnostic as well as the treatment phase. Tests may also have helped the physical 
therapist treating Mrs. V to gain insight in the starting level of functioning and to 
monitor the effectiveness of treatment. The decline in physical activity of Mrs. V. 
increases the risk of future problems in mobility, activities of daily living, quality of life 
and frailty. Because of the increasing difficulty in performing activities that are 
important for the patient, psychological issues such as depression may arise. A 
decreased score on the psychological subscale of quality of life supports this (Box 3).   
Another contrast between both strategies is a focus on multidisciplinary collaboration 
in which other disciplines are consulted when necessary. In these examples, the 
Coach2Move physical therapist asked the general practitioner for additional diagnostic 
tests in order to exclude fractures (Box 1).  
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Bos 3.  Research information and reflection on the physical therapy episodes of Mrs. F 
(Coach2Move) and Mrs. V. (Usual Care) 
 
 
Measure Assessment 
before treatment 
Mrs. F 
Assessment after 
treatment 
(3 months) 
Mrs. F. 
Assessment 
before 
treatment 
Mrs. V. 
Assessment after 
treatment 
(3 months) 
Mrs. V. 
• Frailty (0-1, higher score, 
more frail, >0.25= frail) 
0.41 0.34 0.46 0.24 
• Quality of life- physical 
subscale (0-100, higher 
score, better quality of 
life) 
27.2 36.1 40.2 47.4 
• Quality of life – 
psychological subscale (0-
100, higher score, better 
quality of life) 
17.9 57.2 55.0 43.1 
• Walking speed (meter/ 
second) 
0.42  0.77 0.61 0.91 
• Walking distance (meters) 49 315 187 262 
• Total physical activity 
(minutes per day) 
22.1 69.3 129.3 73.9 
• Moderate intensity physical 
activity (minutes per day) 
2.1 29.3 52.1 35.7 
• Pain (0-10, higher score, 
more pain) 
6 5 8 6 
• Patient Specific Complaints 
(0-10, higher score, more 
difficulty in performing the 
specific activity) 
Walking to do 
groceries: 8 
Being an informal 
caregiver:8 
Performing social 
activities: 8 
Walking to do 
groceries: 5 
Being an informal 
caregiver:4  
Performing social 
activities:4 
Walking: 7
Helping son in 
family 
business: 6 
Go to bridge 
club: 10 
Walking: 6 
Helping son in 
family business: 8
Go to bridge club: 
10 
 
 
General reflections 
Literature, as shown in our meta-analysis in chapter 4,2 already indicated that physical 
exercise therapy is effective in improving mobility and other activities of daily living. 
Improving physical activity and quality of life, however, was not evident from existing 
literature. Most studies used standardized exercise programs, while individualized 
treatment, in which personal goal setting is applied, seems to be more effective, 
especially in managing an active lifestyle despite mobility problems which are common 
at an older age.3-5 Moreover, the effect of interventions on frailty is unclear.6 
Longitudinal studies have shown that a high level of physical activity is related to a 
lower level of frailty.7,8 Because frailty indicates a higher risk of adverse health 
outcomes including increasing disability, health care consumption and death, a 
decrease in the level of frailty can potentially have large and long term benefits (e.g. 
decreased risk of adverse health outcomes).9 Our study on outcome instruments to 
measure frailty, as described in chapter 2 of this thesis,10 shows that adequate outcome 
instruments to evaluate frailty are lacking. The studies described in this thesis were 
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designed to fill these gaps in literature and in clinical practice. With guidance from the 
MRC framework11,12 we succeeded in developing and studying a patient-centered and 
stratified physical therapy intervention that was acceptable for both physical therapists 
and patients and was embedded in multidisciplinary care.13 As opposed to previous 
studies,2,6 we found an increase in physical activity and a reduction in frailty and health 
care costs. 
On forehand there were some concerns about the large time investment of the 
Coach2Move strategy during the diagnostic phase. Our hypothesis was that this larger 
time investment in the diagnostic phase would lead to a better analysis of the patient's 
problems and possibilities, resulting in a focused intervention on priorities valued by 
the older person and in more efficient treatment. This hypothesis was supported by the 
results of our pilot study and randomized controlled trial (RCT). In our pilot study,13 the 
average number of treatment sessions was 11 while in 2012 the mean number of 
sessions in usual care physical therapy for people with a chronic condition was 19.3-5 
The average number of sessions found in our pilot study was confirmed in our RCT.1 The 
Coach2Move group had on average 11 physical therapy sessions and the usual care 
physical therapy group was treated in 17 sessions. This indicates that the Coach2Move 
physical therapists treated their patients in less contact time, most likely because they 
were able to analyze the patient's problems and possibilities and to focus treatment on 
personalized goals in the patient's own environment. 
 
Increasing physical activity and decreasing frailty 
This is the first study to show a reduction in frailty after an exercise intervention as 
measured on multiple dimensions. The Evaluative Frailty Index for Physical activity 
(EFIP) which we developed as an evaluative measurement instrument on frailty 
(Chapter 3)14 includes items on the physical domain, the psychological domain, the 
social domain and on general health status and has a scoring range of 0.00-1.00. The 
EFIP is based on the method of deficit accumulation, which is an extensively validated 
method to identify frail older adults and to predict adverse health outcomes.15-17 Both 
in our pilot study and our RCT we found a decrease in EFIP score after a physical 
therapy intervention. The effect size of the reduction in frailty in our RCT was -0.23, 
which indicates a small positive effect. At this point we do not know whether or not 
this reduction is clinically important and whether or not this reduction actually 
indicates a decreased risk of an adverse health outcome. Frailty is defined as an 
increased risk of adverse health outcomes including increasing mobility problems, 
disability, falls and health care utilization. In our RCT, we found a decrease in mobility 
problems and health care costs alongside the reduction in frailty. In addition, physical 
activity, which improved significantly in our RCT, is hypothesized to be one of the main 
factors to influence frailty.9,18-20 These findings indicate that the reduction in frailty 
may be clinically important. Future longitudinal studies, however, will need to address 
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this issue. Besides a decrease in total frailty score as measured with the EFIP we also 
found the sub-scores on all the different frailty domains to decrease after the 
Coach2Move intervention. This is supportive of our hypothesis that physical therapy 
and/or exercise interventions do not only influence physical aspects of frailty, but also 
psychological and social factors.  
In looking at the baseline characteristics of the population in our RCT we can see that 
we included a group of older adults (mean age 78 years old) who had to deal with 
multi-morbidity and frailty. There was a great variation in the baseline level of physical 
activity, but this was, on average, quite high at the start of treatment: almost 90 
minutes of total PA per day and around 30 minutes of moderate intensity PA. The 
LAPAQ, which we used to measure PA, is based on self report and this is known to 
overestimate the actual level of PA.21 Older adults have difficulty indicating the 
amount of time they are busy with, especially, household chores. Older adults have 
difficulty indicating the amount of time they are busy with, especially, household 
chores because these type of activities occur sporadic, unstructured and intermittent, 
making recall more challenging.22 This difficulty in recalling and the large variation in 
PA on household chores were reasons to extract two primary endpoints from the LAPAQ 
data: total time spent on PA and time spent on moderate intensity PA in which light 
household chores were excluded. More importantly, however, a dose response 
relationship between PA and health benefit has been described, indicating that PA of 
moderate intensity has larger health benefits than being physically active throughout 
the day.23,24 Finally, another study that used total time spent on PA based on the 
LAPAQ as a primary endpoint in a clinical trial also reported no significant differences 
between intervention groups, while all other outcomes improved in favor of the 
intervention group.25 A significant difference was found on ‘outdoor PA’: total physical 
activity minus household chores. The authors advice to focus on PA of higher intensity, 
also considering the outcome instruments used.26 The decision to extract two outcomes 
from the LAPAQ data was made in the first month of the inclusion of patients when the 
difficulty in recalling the time spent in light household chores became obvious. We 
decided that reporting moderate intensity PA would be 1. A more reliable and valid 
measure of PA and 2. More meaningful when considering the expected dose response 
relationship between PA intensity and health benefits. Unfortunately we did not report 
the extraction of two endpoints from the LAPAQ data in our design article properly. 
Instead, a general description of using the LAPAQ was given according to the original 
study protocol. Because we did not change the measurement instrument used (LAPAQ), 
we did not perceive the extraction of two variables from this measurement instrument 
as a fundamental change to the protocol. Retrospectively, however, it would have been 
better to report the two PA outcomes as an amendment to our original protocol.  
Because of the above mentioned difficulties in measuring PA with subjective methods, 
advances in this area are highly needed.22 In future studies it may, therefore, be 
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interesting to use new technologies, such as sensors or smart phone applications, in 
measuring PA. Also walking speed, walking distance and other mobility related 
parameters could be measured in this way. This would not only result in objective 
instead of subjective data, but also allows for more data to be collected on more time 
points which will give insight in trajectories of mobility parameters in relation to 
health, disability and frailty. At this point, however, there are still some challenges 
considering the collection and analyses of these large data-sets.27,28 
 
Health care transitions: patient-centered care 
Future health care policy is aimed at refraining formal care for as long as possible. 
Whether or not this is feasible depends on the availability of, for example, assistive 
devices, informal care, and home care. In addition, older adults are increasingly 
expected to be responsible for and to manage their own health status.29 Self-
management can be defined in many different ways. One of the definitions that is 
helpful in understanding the wide range of the concept of self-management is provided 
by Barlow et al.30 who state: 'self-management refers to the individual's ability to 
manage symptoms, treatment, physical and psychosocial consequences and lifestyle 
changes inherent with living with a chronic condition. Efficacious self-management 
encompasses ability to monitor one's condition and to affect the cognitive, behavioral 
and emotional responses necessary to maintain a satisfactory quality of life'.30 Self-
management is thought to be able to bridge the gap between the needs of individual 
patients and the capacity of health services to meet these needs. Especially for older 
adults, their ability to self-manage their lives despite increasing losses on multiple 
domains is essential.29 Research has shown, however, that older adults in poor health 
report lower levels of self-management abilities and higher levels of frailty.29 
Interventions to increase self-management abilities are therefore recommended for 
frail older adults.29 Common components of self-management approaches are: 
providing information, drug management, symptoms management, dealing with 
psychosocial consequences, lifestyle (including exercise), social support, 
communication and other strategies such as goal setting and decision making.30 
Stimulating self-management is part of patient-centered care which is thought to be 
important in improving healthcare systems by achieving better health outcomes, 
greater patient satisfaction and reduced health care costs.31 Patient-centered care 
refers to care that is consistent with the needs and preferences of the individual 
patient.32 In figure 1, the principles, enablers and activities related to patient-centered 
care are summarized. The Coach2Move strategy provides multiple components of self-
management and of patient-centered care. Mainly the activities (lower part of 
Figure 1) have been integrated in the Coach2Move strategy by using a clinical reasoning 
approach based on the HOAC-II (Hypothesis Oriented Algorithm for Clinicians, second 
edition).33 Based on the problems and preferences as indicated by the patient in the 
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extensive Coach2Move intake and the findings in the problem analyses phase, the 
physical therapist helps the patient in decision making and goal-setting, provides 
information, deals with psychological issues, improves social support and offers 
treatment for the most restrictive impairments in functioning (muscle strength, 
balance, endurance etc.), disabilities and participation problems.  
Besides the focus on patient-centered activities, other factors mentioned in figure 1, 
such as characteristics of the physical therapist, characteristics of the patient and 
organizational aspects, were also taken into account in the Coach2Move approach. The 
physical therapists were trained in clinical reasoning, motivational interviewing and 
self-management skills. Clinical reasoning according to the HOAC-II algorithm uses a 
scientific approach in which hypotheses about the causes and consequences of the main 
patient problems are listed based on an extensive anamnesis. These hypotheses are 
subsequently tested using observation and measurement instruments which ensure that 
treatment is aimed at the underlying causes of the most restrictive disabilities and 
participation problems. This hypotheses testing approach takes more time during the 
intake than the 30 minutes that are regularly scheduled for a physical therapy session. 
The participating physical therapy practices needed to reorganize their time schedules 
to enable a long intake period, which was difficult in some practices. The long intake, 
however, is thought to be an important condition for implementation of the 
Coach2Move strategy. During the Coach2Move training, physical therapists were also 
educated in the stages of change theory of Prochaska and Diclemente34 and they 
learned how to assess and deal with these different stages. The process analysis we 
performed (unpublished observations) showed that motivation to change was, according 
to the physical therapists, an important aspect of whether or not the Coach2Move 
strategy could be successfully applied. Physical therapists found it difficult to treat 
patients who did not have intrinsic motivation to become more physically active. This 
led to different approaches by different physical therapist.  
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Figure 1: Conceptual model of patient centered care. From Scholl et al. (2014).31 
Activities, principles and enablers that need to be considered in order to successfully 
implement patient-centered care strategies. 
  
 
 
One of the physical therapists, for example, chose to provide information and advice 
and leave the responsibility to the patient to consider this, while another physical 
therapist would motivate and support the patient to participate in a structured 
exercise class. It is not known which approach is more (cost-)effective for what type of 
patients. Interviews that we held with participating physical therapists indicated that 
some therapists found it hard to 'let go' and are used to 'care' for their patients. These 
therapists were often focused on treating their patients on the (ICF) level of body 
functions and structures (e.g. flexibility, muscle strength, balance, endurance) and in 
our study on adherence to the Coach2Move strategy (unpublished observations), these 
therapists showed low to moderate adherence. Future research will have to show what 
characteristics of both physical therapists and patients and organizational conditions 
are necessary to optimally implement the Coach2Move strategy.  
Studies on patient-centered care have found both positive and negative results.35,36 A 
difficult issue in patient-centered care is that there is a contradiction between 
involving the patient in clinical decision making and working conform standard 
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procedures and protocols, for which the latter leaves little room for patient 
participation.37 It has been shown that standard protocols do not provide enough 
guidance in the treatment of people with complex problems and multi morbidity.38 The 
principles of clinical reasoning offer a way to deal with these complex patient 
populations. Integrating knowledge from evidence based protocols with clinical 
expertise and a hypothesis testing approach could be essential for providing an 
effective and safe treatment.  
The Coach2Move study shows that older adults with mobility problems are capable of 
making preference-based decisions with their physical therapists on treatment goals 
and intervention strategy. Moreover, they are able to manage their mobility related 
problems in their own context. These study findings build on the evidence that is 
supportive of a healthcare transition towards patient-centered care. In future studies it 
would be interesting to objectively assess self-management abilities in relation to the 
Coach2Move strategy. Also, the knowledge, (clinical reasoning) skills and attitude of 
the physical therapists that are necessary to provide patient-centered care and to set 
priorities in diagnostics and treatment need further study.  
 
Healthcare transitions: stratified care 
Another healthcare transition that could contribute to its efficiency and which is 
integrated in the Coach2Move strategy is the transition towards stratified care. 
Stratified care refers to treatment of specific subgroups of patients that have been 
defined based on their prognostic profile, their likely response to the specific 
treatment or suspected underlying causal mechanisms (Figure 2).39 Evidence for the 
prognosis or effectiveness of treatment in subgroups of patients can give direction in 
clinical decision making. Currently, clinical decisions are mostly based on the results of 
large observational studies or clinical trials in which average treatment effects are 
evaluated.39,40 The individual response to a certain treatment may, however, deviate 
from average. This evidences the need for stratified care. 
Research on stratified care has focused on risk assessment and prognostic profiles 
(Figure 2). Prognostic factors for frail older adults include, for example former fall 
incidents, physical inactivity and disability. Prognostic research aims to identify factors 
that might be used as modifiable targets for interventions to improve outcomes and 
these factors are closely linked to the mechanisms involved in a certain condition.41  
Unraveling the pathophysiological mechanisms of frailty can, for example, lead directly 
to (new) treatment options. Much research has been done on exercise interventions in 
older adults. We know that exercise interventions have a positive influence on physical 
functioning. What type of exercise intervention is effective and for which patients is, 
however, unknown. Future research should consider prognostic factors, underlying 
mechanisms and treatment responsiveness in developing stratified care for frail older 
adults.  
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Figure 2. Stratified care approaches. Adapted from: Foster et al. (2013)34. Stratified care can be 
based on known risk factors, underlying mechanisms or responsiveness to treatment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the Coach2Move strategy, three patient profiles are defined. The decision to classify 
a patient in one of these profiles is based on the clinical reasoning process in which 
both scientific evidence and professional expertise are combined. The use of 
measurement instruments to objectify patient characteristics and health status is 
stimulated, but no objective decision rules based on cut-off points were integrated in 
the Coach2Move approach. One of the reasons for this is that older adults' contextual 
and personal factors also interact with health status and the potential for 
improvement. These factors can be taken into account in the clinical reasoning 
process, but are often difficult to quantify.  
In the process analysis we conducted alongside the Coach2Move RCT (unpublished 
observations), we found that physical therapists differed in their knowledge, clinical 
reasoning skills and the way in which they stratified their patients. Some participating 
physical therapists, for example, classified most of their patients in the third patient 
profile, which uses the highest number of sessions and treated no patients in the first 
profile (least number of sessions). Other therapists used the first profile and did not 
classify any patients in the third profile while the patients of these different physical 
therapists were comparable considering their age, gender, level of frailty, number of 
diseases, educational level and measurement outcomes (e.g. walking speed, walking 
distance). Either these patients did differ on characteristics not measured, for example 
physiological (dis)regulation, motivation, self-efficacy or social support, or physical 
therapists struggle with stratifying frail older adults that have to deal with multiple and 
complex conditions.  
The expectation is that the Coach2Move approach would be even more efficient when 
the stratification process would not only be based on the knowledge and skills of the 
Risk Assessment
Information about patient's risk of persistent 
disability irrespective of underlying cause, is 
used to match treatment 
Treatment responsiveness 
Information is drawn from aspects of the patient's 
history, findings from the physical examination 
and other test results to match the patients to 
treatment based on the prediction of 
responsiveness to a specific treatment 
Underlying mechanisms 
Patients are matched to treatments 
based on underlying mechanisms
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professional, but also on objective individual patient data on physical, psychological 
and/ or social markers. Therefore, knowledge about both the risk profile and likely 
response to treatment of the individual patient would support physical therapists in 
their decision making. Future research will have to show which patients benefit most 
from what type of treatment in order to choose the treatment modality that suits the 
individual patient best and is both most effective and efficient.  
 
Future research directions  
Our study provides the starting point for a number of future research directions 
(Box 4). First, the cost-effectiveness of the Coach2Move approach needs to be 
replicated and the long term effects (12-24 months) need to be studied. Ideally, a new 
study on the Coach2Move approach would also include a non-intervention control group 
to account for natural recovery. However, this raises ethical considerations because the 
Coach2Move approach is aimed at older adults that already suffer from mobility 
problems. In addition to the long-term cost-effectiveness of the Coach2Move strategy, 
the (long-term) clinical relevance of the improvements found on the EFIP need to be 
studied. Based on cohorts of older adults in physical therapy practice in which EFIP 
data and data on mobility status, health status and patient satisfaction (for example 
global perceived effect) at multiple time points is available, analyses can be done to 
see if a clinically relevant change in mobility, health status and/or satisfaction is 
associated with a decrease on the EFIP. This data can be collected in daily physical 
therapy practice based on regular registration.  
 
Box 4. Future research directions 
 
Replication of study findings and long term (cost-) effectiveness.  
- using objective data on physical activity 
- measuring self-management abilities 
- 4 arm study design 
Studying the essential elements in clinical reasoning and decision making
Studying risk profiles and treatment response (stratified care)
Studying responsiveness of the EFIP 
Implementation study 
- using peer assessment strategy 
- in relation to physical therapists attitude, knowledge, competence, clinical reasoning and 
intervention skills 
Applying key elements of the Coach2Move strategy in other populations
 
In our study, the Coach2Move strategy was performed by educated and registered 
physical therapists specialized in geriatrics, while usual care was provided by physical 
therapists that had equal clinical experience with treating older adults but were not 
registered as 'specialist in geriatrics'. A choice was made for this study design because 
we wanted to be sure that the physical therapists delivering the Coach2Move approach 
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would have adequate knowledge and skills to implement this approach. It would, 
however, be interesting to execute a four-arm RCT in which Coach2Move is compared 
to usual care, and within both intervention programs, treatment given by a physical 
therapist is compared to treatment given by a physical therapist specialized in 
geriatrics. 
Second, the fifth and last step in the Medical Research Council (MRC) framework is the 
implementation phase, which is a step we will take in the future. Since process analysis 
has revealed a number of issues considering the implementation of the Coach2Move 
strategy, an implementation study in which different implementation strategies are 
compared, seems appropriate. Such a study may also take physical therapist 
characteristics into account in order to predict which physical therapists benefit most 
from specific implementation strategies. Being coached during the execution of the 
Coach2Move approach was highly appreciated by the participating physical therapists. 
One of the implementation strategies could be a baseline training followed by a 
number of meetings in which physical therapists will be coached in the execution of 
Coach2Move strategy compared to offering only the baseline Coach2Move training. Peer 
feedback, supervised by a trained coach, has been shown to be an effective strategy to 
support implementation of new protocols and guidelines and could be used in the 
implementation of Coach2Move.42,43 Coaching the participating physical therapists in 
the execution of the Coach2Move strategy made it clear that some physical therapists 
really needed coaching and guidance, while other physical therapists applied 
Coach2Move easily. In order to effectively and efficiently implement the Coach2Move 
strategy, it would be important to get more grip on the differences between therapist 
competences.  
Because of the great potential of the Coach2Move strategy, it may also be applicable in 
other populations, for example nursing home residents, but also patients with a single 
dominant disease (e.g. rheumatic disease, Parkinson's disease, stroke). The 
Coach2Move approach could be the starting point for the development of specific 
approaches for specific populations. Integrating knowledge from scientific evidence and 
clinical experience in specific populations and combining this with the key elements 
clinical reasoning and patient-centered care is likely to be meaningful in other 
populations than the frail elderly.  
Finally, as emphasized in this chapter, stratified care based on individual patient data 
could increase healthcare efficiency. Clinical reasoning and decision making of physical 
therapists could be supported when patient profiles that benefit specific treatment or 
guidance could be identified based on objective data. Future research could help to 
define these profiles. Box 4 summarizes the future research directions.   
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Clinical implications  
The Evaluative Frailty Index for Physical activity (EFIP) was developed during this study 
and showed to be a frailty measurement instrument with evaluative properties, but 
also an instrument that is helpful for the physical therapist in collecting information 
about the physical, psychological and social context of the patient in the anamnesis. 
This overview stimulates the physical therapist in having a multidisciplinary focus and 
to consult, when necessary, other disciplines in cooperation with the general 
practitioner. In primary care, frailty measures are increasingly being used to screen 
older adults on frailty based on which specific treatment by multiple disciplines can be 
initiated.44 Cooperation between general practitioners, specialized nurses, physical 
therapists, psychologists and dieticians in a multidisciplinary team is essential to 
accomplish adequate treatment for frail older adults with complex health problems.  
Physical therapists working with frail older adults will be stimulated to use the EFIP in 
daily practice. To achieve this, the EFIP has, for example, been published in the 
national professional journal for Dutch physical therapists and the EFIP has been 
included as one of the main measurement instruments in the exercise guideline for frail 
older adults of the Royal Dutch Society for Physical Therapy. In addition, the EFIP has 
been included in the curriculum of a number of (geriatric) physical therapy educational 
programs. Finally, the EFIP has the potential to be used as a patient reported outcome 
measure (PROM).  
The Coach2Move approach has been shown to be cost-effective in the treatment of frail 
older adults with mobility problems. Because physical inactivity and frailty are highly 
predictive of disability and adverse health outcome, the long term cost-effectiveness 
may be even larger than the effect shown in the present study. With the increasing 
emphasis on independence of formal care and self-management in mind using 
environmental resources (physical, social), the results of this study warrant 
implementation in physical therapy practice. In cooperation with the Royal Dutch 
Society for Physical Therapy and the Dutch Association for Physical Therapy in 
Geriatrics, a Coach2Move implementation plan will be written. This plan will include 
the development of an adequate Coach2Move training, but also financial issues and a 
marketing strategy. Moreover, explicit attention will be paid to embedding the 
Coach2Move strategy in multi-disciplinary care. Finally, the results of this study will be 
used to strengthen the societal position of physical therapy in general and, more 
specifically, to emphasize the role of physical therapy in the multidisciplinary care for 
frail older adults.  
8 
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Summary 
 
Chapter 1 
This chapter introduces the concept of frailty and the potential benefits of physical 
activity (PA) on its' physical, psychological and social dimension.1 Frailty can be defined 
as an increased risk of adverse health outcomes such as disability, falling, delirium, 
hospital admission, and increased health care costs.2 PA has many health related 
positive effects.3 The effect of PA on frailty is, however, not known.1 PA has been 
shown to have large benefits even in the oldest old and in older adults who suffer from 
mobility limitations or disability. Despite the knowledge on these positive effects, it 
remains a great challenge to stay or become physically active when one has to deal 
with mobility problems, multi-morbidity and psychological and social constraints.4 
Patient-centered approaches that use goal-setting and take possible barriers, 
facilitators and preferences into account are thought to be most successful in improving 
PA.5  
Because of the benefits of PA in frail older adults physical therapists are an important 
chain in the multidisciplinary treatment of frail older adults. Especially physical 
therapists specialized in geriatrics are considered to have the knowledge and skills to 
treat older adults with complex health problems and to participate in multidisciplinary 
networks.6   
The aim of this thesis was to develop and evaluate a physical therapy intervention for 
frail older adults with mobility problems. The Medical Research Council (MRC) 
framework was introduced as a guide in the development of such a complex 
intervention.7,8 The MRC framework consists of a number of phases that are described 
in chapter 2 to 7 of this thesis. Chapter 2 to 4 is describe the theoretical phase of the 
MRC framework, chapter 5 is dedicated to the modeling phase and the exploratory 
phase, and chapter 6 and 7 describe a Randomized Controlled Trial (RCT). The 
implementation phase as described in the MRC framework was not part of the present 
study.  
 
Chapter 2 
This chapter describes a systematic review that was aimed to gain insight in the 
concept of frailty and to find a measurement instrument that is able to evaluate the 
level of frailty after an (exercise) intervention.9 Before we started a systematic 
literature search, frailty was defined as 'a dynamic state affecting an individual who 
experiences losses in one or more domains of human functioning (physical, 
psychological and social), which is caused by the influence of a range of variables and 
which increases the risk of adverse outcomes'.10 Based on former literature studies10,11 
we defined three frailty domains which were considered to be influenced by physical 
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activity, each consisting of a number of factors: the physical domain with the factors 
nutritional status, physical activity, mobility, strength and energy; the psychological 
domain with the factors cognition and mood; and the social domain with the factors 
social contacts and social support. We performed a systematic literature study in a 
number of electronic databases and finally included 20 frailty measurement 
instruments. All measurement instruments were rated on the defined frailty factors, 
and on clinimetric and evaluative properties. Of the 20 identified measurement 
instruments, all instruments included one or more physical factors. Psychological 
factors were only measured in 40% of the instruments and social factors in only 30%. 
Most frailty instruments had been validated as prognostic instruments and no 
information was available about potential evaluative properties. We concluded that the 
method of deficit accumulation12 may be the most appropriate method to evaluate 
frailty because it covers all frailty domains and uses a continuous scoring system 
allowing for change to be measured.  
 
Chapter 3 
Because the literature study that was described in chapter 2 did not identify a 
measurement instrument that was readily available to measure change in level of 
frailty, an evaluative measurement instrument was developed based on the method of 
deficit accumulation.13 This outcome instrument: the Evaluative Frailty Index for 
Physical activity (EFIP) was developed based on a three-round written Delphi procedure 
among 50 physical therapists working in geriatrics. Subsequently, the EFIP was tested 
on inter- and intra-rater reliability and construct validity in a small sample of 24 older 
adults. Cohen's kappa was calculated to determine reliability, and construct validity 
was determined by correlating the score on the EFIP with those on the Timed Up &Go 
Test (TUG), the Performance Oriented Mobility Assessment (POMA) and the Cumulative 
Illness Rating Scale for geriatrics (CIRS-G). The Delphi-procedure led to a questionnaire 
with 50 items on multiple dimensions (physical, psychological, social and general 
health). Inter-rater (Cohen's kappa: 0,72) and intra-rater reliability (Cohen's kappa: 
0,77 and 0,80) were good. A moderate correlation with the TUG, POMA and CIRS-G was 
found (0,68 -0,66 and 0,61 respectively, P< 0.001) as was expected because the EFIP 
includes multiple dimensions (physical, psychological, social and general health).  
 
Chapter 4 
A second systematic literature study was performed to find evidence for the 
effectiveness of exercise therapy in frail older adults with mobility problems.14 RCTs on 
a physical exercise intervention in older adults with mobility problems and/or multi-
morbidity were included. Results were clustered in order to perform meta-analyses, 
using standardized mean differences (SMD) on the outcomes: mobility, physical 
functioning, physical activity and quality of life. Separate SMDs were calculated for 
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studies reporting 'final values' and 'change values'. Most studies reported the final 
values of their outcomes at the end of their study (after the intervention). Some 
studies, however, reported change values between the scores before and after the 
studied intervention. The results showed that physical exercise therapy is effective in 
improving mobility (SMD final values: 0.18; 95% CI: 0.05, 0.30, SMD change value: 0.82; 
95% CI: 0.54, 1.10), and physical functioning (SMD final value: 0.27; 95% CI: 0.08, 0.46, 
SMD change values: 2.93; 95% CI: 2.50, 3.36). In addition, high intensity exercise 
showed a trend towards larger effectiveness than low intensity exercise (SMD final 
values: 0.22; 95% CI:-0.17, 0.62, SMD change value: 0.38; 95% CI: -0.48, 1.25). No 
positive effect could be found on the outcomes physical activity and quality of life. 
Based on the description of the included studies (not based on meta-analyses) strength 
training was concluded to be important in gaining functional effects and personalized 
interventions seemed to be most effective in reaching long term results.  
 
Chapter 5 
Based on the previously described literature studies and expert consultations, the 
Coach2Move strategy was developed.15 The key elements of the Coach2Move approach 
include: 1) Exploring the question for help and the barriers and facilitators (physical, 
social and environmental) in relation to physical activity by using motivational 
interviewing techniques in a comprehensive intake; 2) Setting priorities in physical 
therapy diagnosis and treatment by using an algorithm that emphasizes clinical 
reasoning (Hypothesis Oriented Algorithm for Clinicians-II); 3) Using appropriate 
measurement instruments in the diagnostic phase but also in the evaluation of the 
intervention and as feedback instrument for the patient and therapist; 4) Shared 
decision-making on meaningful treatment goals; 5) Coaching on self- management and 
self-efficacy to increase long term results; 6) Focus on meaningful activities at home 
with help from family, friends, professionals and/or (walking) aids; 7) Stratified 
intervention by using three patient-centered intervention profiles with a predefined 
number of intervention sessions. A pilot study was performed in a small sample of older 
adults (n=12) who received treatment of two physical therapists. In order to evaluate 
the Coach2Move strategy on acceptability, the health records of the physical therapists 
were checked, interviews were held with the participating patients and experiences of 
the physical therapists were discussed with the research team. Potential effectiveness 
of the Coach2Move strategy was measured with a pre-post design using the following 
outcomes: physical activity (LASA Physical Activity Questionnaire- LAPAQ), frailty 
(Evaluative Frailty Index for Physical activity- EFIP), mobility (walking speed, walking 
distance) and quality of life. The results showed that the Coach2Move approach is, 
after minor adjustments, acceptable for both patients and physical therapists. 
Moreover, a potential effect on the level of physical activity, frailty, quality of life and 
mobility was observed.   
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Chapter 6 
The results of the pilot study that were described in chapter 5, were used to design an 
adequately powered RCT.16 The design of this RCT is described in chapter 6. We 
designed a RCT in thirteen physical therapy practices. Randomization took place at 
patient level. The study population consisted of older adult's of≥70 years of age, with 
decreased physical functioning and mobility with or without a physically inactive 
lifestyle. The intervention group received physical therapy according to the 
Coach2Move strategy by a physical therapist specialized in geriatrics. The control group 
received usual physical therapy care. Measurements were performed by research 
assistants not aware of group assignment. The primary outcome of this study was PA as 
measured with the LASA Physical Activity Questionnaire (LAPAQ), mobility (modified 
'get up and go' test, walking speed and six-minute walking test), quality of life (SF-36), 
frailty (EFIP), fatigue (NRS-fatigue) and perceived effect (Global Perceived Effect and 
Patient Specific Complaints questionnaire). Costs made in primary care, analgetics, 
hospital care, outpatient care, home care and assistive devices were measured using a 
questionnaire. Quality adjusted life years (QALY) were determined based on quality of 
life assessment. Finally, costs and QALYs were combined in Net Monetary Benefits 
(NMB) to determine overall cost-effectiveness.  
 
Chapter 7 
This chapter is dedicated to the results of our RCT, of which the design was described 
in chapter 6.17 We found a statistically significant difference in moderate intensity PA 
(mean difference: 17.9 min. p/d, 95% CI 4.0 to 34.9, p=0.012) and frailty (mean 
difference: -0.03, 95%CI: -0.06 to -0.00; p = 0.027) in favor of the Coach2Move group. 
The physical subscale of the SF-36 (Quality of Life) shows a strong trend towards 
significance in favor of the Coach2Move group (mean difference: 3.1; 95% CI: -0.2 to 
6.4; p= 0.07). Both studied interventions improved equally (and significantly) on 
mobility related measures such as walking speed and walking distance. Older adults in 
the Coach2move group, however, are able to use these increased physical capacities to 
improve activities in daily life and to decrease frailty. In addition, the Coach2Move 
group reported significantly greater healthcare savings (mean difference: €849, 95% CI: 
1607 to 90; p=0·028) and higher QALYs, (0.02, 95% CI: 0.00 to 0.03 p= 0·03). The 
combination of costs and QALYs in NMBs showed that the Coach2Move strategy has a 
probability of over 95% to be more cost-effective than usual care physical therapy at 
every willingness to pay threshold. Finally, more patients in the usual care physical 
therapy group (21.5%) were subject to major incidents (emergency room visits, hospital 
admission, institutionalization, death) than the Coach2Move group (7.8%, p =0.0028).  
In conclusion, the Coach2Move strategy is effective in increasing moderate intensity PA 
and in reducing frailty in older adults with mobility problems. In addition, the 
Coach2Move strategy has lower costs, higher benefits, and fewer incidents compared to 
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usual care physical therapy. The Coach2Move strategy is a cost-effective and safe 
intervention to reduce physical inactivity in frail older adults. The results of this study 
support the evidence in favor of a transition towards patient-centered care.  
 
Chapter 8 
In Chapter 8, some general reflections considering this study are given and the findings 
are placed in the context of the ageing society that is in need of effective and efficient 
interventions. To accomplish effective and efficient treatment for frail older adults 
with complex health problems a multidisciplinary approach is needed. The results of 
the Coach2Move study emphasize the important (clinical and economical) contribution 
of physical therapy to the multidisciplinary care for frail older adults. Future 
implementation studies need to focus on adequately embedding the Coach2Move 
strategy in multidisciplinary networks.  
This is the first study to show a reduction on frailty after an (exercise) intervention as 
measured with an instrument that includes multiple dimensions. The improvement 
found on the EFIP significantly differed between the study groups in our RCT. We do, 
however, not know whether or not this statistically significant difference is also 
clinically relevant. Because of the increase in physical activity and decrease in health 
care costs, alongside the frailty reduction, it is expected to be meaningful.  
Even though we included a population of frail older adults with mobility limitations, 
their starting level of physical activity was, on average, quite high. Because we 
measured physical activity using a questionnaire, their level of physical activity may 
have been overestimated by the participants. Future studies will need to assess 
physical activity objectively using emerging technologies. In addition, studies may be 
performed to research the (cost-)effectiveness of the Coach2Move strategy in highly 
frail older adults, for example nursing home residents. 
Society is ageing and healthcare transitions are needed in order to be able to provide 
care to all older adults who need it. Transitions towards patient-centered and stratified 
care are embraced by many health care professionals, but implementation of these 
principles in daily practice has been proven to be difficult and evidence is 
inconsistent.18-20 The successful Coach2Move RCT shows that patient-centered care is 
feasible in frail older adults with mobility problems and is cost-effective compared to 
usual care. Process analysis of our RCT did, however, show some issues that need to be 
addressed in further studies. First, the attitude, knowledge and skills that are needed 
to provide patient centered care need to be clarified in order to optimize the training 
of professionals and improve successful implementation. Also, prognostic profiles and 
treatment response in specific sub-populations based on physical as well as 
psychological and social markers need to be studied to objectify the stratification 
process.  
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The results of this study will be the starting point of a number of research directions 
including replication and implementation studies. Moreover, the findings will be used 
to emphasize the role of physical therapy in the multidisciplinary care for older adults 
with complex health problems.   
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Hoofdstuk 1  
In dit proefschrift wordt een onderzoek beschreven dat zich richt op fysiotherapie bij 
kwetsbare ouderen. Het begrip kwetsbaarheid wordt in dit eerste hoofdstuk 
geïntroduceerd en er wordt ingegaan op de mogelijk positieve effecten van 
lichamelijke activiteit op de fysieke, psychologische en sociale aspecten van 
kwetsbaarheid. Kwetsbaarheid wordt gedefinieerd als een verhoogd risico op 
ongewenste gezondheidsuitkomsten zoals beperkingen in activiteit, delier, 
ziekenhuisopname, toenemende gezondheidszorgkosten en overlijden. Het directe 
effect van lichamelijke activiteit op kwetsbaarheid is onbekend. Wel is het duidelijk 
dat lichamelijke activiteit een positieve invloed heeft op de diverse aspecten (fysiek, 
psychologisch en sociaal) van kwetsbaarheid. Toch is het voor ouderen die te maken 
hebben met beperkingen in het functioneren moeilijk om lichamelijk actief te worden 
of te blijven. Een aanpak waarbij de patiënt centraal staat en er bereikbare en 
inspirerende doelen worden gesteld lijkt geschikt te zijn om ouderen meer in beweging 
te krijgen. Hierbij moet expliciet rekening gehouden worden met mogelijke barrières, 
maar ook met bevorderende factoren en persoonlijke voorkeuren. 
Vanwege het belang van lichamelijke activiteit voor kwetsbare ouderen spelen 
fysiotherapeuten een belangrijke rol in het multidisciplinaire team rondom de 
kwetsbare oudere. Met name geriatriefysiotherapeuten, die gespecialiseerd zijn in de 
specifieke problematiek van de ouder wordende mens, hebben de kennis en 
vaardigheden om ouderen met complexe problematiek te behandelen in een 
multidisciplinair team.  
Het doel van dit onderzoek was om een fysiotherapeutische interventie voor de 
begeleiding van kwetsbare ouderen met mobiliteitsproblemen te ontwikkelen en te 
evalueren. Het raamwerk van de Medical Research Council (MRC) is hierbij een leidraad 
geweest en de afzonderlijke fases van dit raamwerk worden beschreven in de 
hoofdstukken 2 tot en met 7. De theoretische fase waarin de onderbouwing van de 
interventie heeft plaatsgevonden worden beschreven in hoofdstuk 2 tot en met 4. 
Hoofdstuk 5 bestaat uit de modelleer- en pilot fase waarin de interventie in een kleine 
groep is getest en op basis van de resultaten is aangepast. Hoofdstuk 6 en 7 beschrijven 
de Randomized Controlled Trial (RCT) fase. In deze fase is er een studie uitgevoerd 
naar de effectiviteit en de kosteneffectiviteit van de ontwikkelde interventie. De 
laatste fase van het MRC raamwerk, de implementatiefase, is geen onderdeel van dit 
onderzoek. 
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Hoofdstuk 2 
Dit hoofdstuk beschrijft een systematisch literatuuronderzoek met als doel het vinden 
van een meetinstrument dat geschikt is om kwetsbaarheid te evalueren na een 
beweeginterventie. Op basis van bestaande literatuur werden er drie domeinen 
gedefinieerd die door lichamelijke activiteit beïnvloed kunnen worden. Binnen ieder 
domein werd een aantal factoren benoemd. In het fysieke domein: lichamelijke 
activiteit, mobiliteit, spierkracht, energie en voedingstoestand. In het psychologische 
domein: cognitie en stemming. En in het sociale domein: sociale contacten en sociale 
steun. Er is een systematische zoekstrategie toegepast in diverse elektronische 
databases op basis waarvan er 20 meetinstrumenten geïdentificeerd werden om 
kwetsbaarheid te meten. Er werd beoordeeld of de geïncludeerde meetinstrumenten 
de bovengenoemde factoren bevatten en daarnaast werd beoordeeld of de 
meetinstrumenten geschikt zouden zijn om als evaluatiemaat te gebruiken. Ieder van 
de 20 meetinstrumenten bevatte één of meerdere fysieke factoren. Psychologische 
factoren werden in slechts 40% van de meetinstrumenten gemeten en sociale factoren 
in 30% van de meetinstrumenten. De meeste meetinstrumenten waren ontwikkeld en 
gevalideerd als prognostisch instrument. Geen van de instrumenten was als 
evaluatiemaat gevalideerd. De methode gebaseerd op 'opeenstapeling van factoren' 
(deficit accumulation) lijkt het meest geschikt te zijn om als evaluatiemaat te 
gebruiken omdat deze methode alle domeinen van kwetsbaarheid omvat en een continu 
scoringssysteem kent.  
 
Hoofdstuk 3 
Op basis van de resultaten die in hoofdstuk 2 beschreven zijn is een meetinstrument 
ontwikkeld op basis van de methode van deficit accumulation: de Evaluative Frailty 
Index for Physical activity (EFIP). Er is een Delphi procedure van 3 schriftelijke rondes 
uitgevoerd waar 50 fysiotherapeuten met werkervaring in de geriatrie hebben 
meegedaan. Op basis van deze procedure is de EFIP, een kwetsbaarheidindex van 50 
items opgesteld. De EFIP bestaat uit items op het fysieke, psychologische en sociale 
domein, aangevuld met items over de algehele gezondheidstoestand.  
Vervolgens is de EFIP op betrouwbaarheid en validiteit getest in een steekproef van 24 
ouderen. Om de betrouwbaarheid vast te stellen is de overeenkomst tussen twee 
beoordelaars (intra- beoordelaarbetrouwbaarheid) en de overeenkomst tussen twee 
metingen door dezelfde beoordelaar (interbeoordelaarbetrouwbaarheid) bepaald.  De 
construct validiteit werd bepaald door de scores op de EFIP te correleren met de scores 
op de Timed Up & Go test (TUG), de Performance Oriented Mobility Assessment (POMA) 
en de Cumulative Illness Rating Scale for Geriatrics (CIRS-G). De inter- en intra 
beoordelaarbetrouwbaarheid waren goed met een Cohen's kappa van 0,72 voor de 
interbeoordelaarbetrouwbaarheid en van 0.77 en 0.80 voor de intra beoordelaar-
betrouwbaarheid. Er werd een matige correlatie gevonden tussen de EFIP en de TUG, 
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POMA en CIRS-G (respectievelijk 0.68; -0.66 en 0.61). Deze matige correlatie was 
conform de verwachtingen omdat de EFIP opgebouwd is uit items in verschillende 
dimensies. Daarnaast betekent dit dat de meting met de EFIP toegevoegde waarde 
heeft.   
 
Hoofdstuk 4 
In dit hoofdstuk is een tweede systematische literatuurstudie beschreven met als doel 
de effectiviteit van beweeginterventies bij kwetsbare ouderen met 
mobiliteitsproblemen te bepalen. Er werd systematisch gezocht in diverse elektronische 
databases naar RCT's op het gebied van beweeginterventies bij ouderen met 
mobiliteitsproblemen en/of multimorbiditeit. Op de geclusterde resultaten is een 
meta-analyse uitgevoerd op basis van 'standardized mean differences' (SMD) bij de 
uitkomstmaten: mobiliteit, fysiek functioneren, lichamelijke activiteit en kwaliteit van 
leven. Er is onderscheid gemaakt tussen studies die de baseline en follow-up scores van 
hun studie expliciet beschreven en studies die alleen verschil scores rapporteerden. De 
resultaten laten zien dat een beweeginterventie een positief effect heeft op mobiliteit 
(SMD follow-up score: 0.18; 95% BI: 0.05,0.30, SMD verschil score: 0.82, 95% BI: 
0.54,1.10) en fysiek functioneren (SMD follow-up score: 0.27, 95% BI:0.08,0.46, SMD 
verschil score: 2.93, 95% BI: 2.50,3.36). Daarnaast lijkt lichamelijke activiteit met een 
hoge intensiteit effectiever te zijn dan lichamelijke activiteit met een lage intensiteit 
(SMD follow-up score: 0.22, 95% BI: -0.17,0.62, SMD verschilscore: 0.38, 95% BI: -0.48, 
1.25). Er is geen effect van een beweeginterventie op lichamelijke activiteit of 
kwaliteit van leven gevonden. Op basis van de beschreven interventies (niet op basis 
van de meta-analyse) werd tot slot geconcludeerd dat krachttraining een belangrijke 
rol lijkt te spelen en dat interventies die afgestemd zijn op de individuele persoon 
waarschijnlijk bijdragen aan lange termijn effecten.  
 
Hoofdstuk 5  
Op basis van de onderbouwing die gevonden is in de literatuur zoals beschreven in 
hoofdstuk 2 tot en met 4, gecombineerd met de resultaten van expertconsultatie, is 
een fysiotherapeutische interventie ontwikkeld voor de begeleiding van kwetsbare 
ouderen met mobiliteitsproblemen, genaamd de Coach2Move strategie. De Coach2Move 
strategie is gebaseerd op het Hypothesis Oriented Algorithm for Clinicians- part II 
(HOAC-II), een model dat vorm geeft aan het klinisch redeneerproces van professionals 
in de gezondheidszorg. De uitgangspunten van de Coach2Move strategie zijn: 1) Het 
gebruik van motivational interviewing om inzicht te krijgen in de beperkende en 
bevorderende factoren ten aanzien van een fysiek actieve leefstijl. 2) Het gebruik van 
het klinisch redeneermodel HOAC-II om prioriteiten te kunnen stellen in zowel diagnose 
als behandeling. 3) Het gebruik van geschikte meetinstrumenten in zowel de 
diagnostische- als de behandelfase als feedback voor zowel fysiotherapeut als patiënt. 
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4) Gezamenlijke besluitvorming ten aanzien van betekenisvolle behandeldoelen. 5) Het 
coachen op zelfmanagement en eigen effectiviteit om lange termijn resultaten te 
bereiken. 6) Een focus op betekenisvolle activiteiten in de eigen omgeving met hulp 
van familie, vrienden en/of zorgverleners. 7) Een gestratificeerde interventie waarbij 
gebruik wordt gemaakt van drie patiëntenprofielen met een van tevoren bepaald 
maximaal aantal behandelingen.  
Vervolgens is er een pilot studie uitgevoerd door twee fysiotherapeuten bij twaalf 
patiënten. Evaluatie op uitvoerbaarheid vond plaats door discussie met de betrokken 
fysiotherapeuten, interviews met patiënten en bestudering van de patiëntdossiers. 
Mogelijke effectiviteit werd onderzocht in een pre-post design waarbij de volgende 
metingen werden uitgevoerd: lichamelijke activiteit (LASA Physical Activity 
Questionnaire), kwetsbaarheid (EFIP), mobiliteit (loopsnelheid, loopafstand) en 
kwaliteit van leven. De resultaten laten zien dat de Coach2Move strategie, met een 
aantal kleine aanpassingen, uitvoerbaar is voor zowel fysiotherapeuten als patiënten. 
Tevens is er een mogelijk effect gevonden op lichamelijke activiteit, kwetsbaarheid, 
mobiliteit en kwaliteit van leven. De resultaten geven aanleiding om een RCT in een 
grotere populatie uit te voeren.  
 
Hoofdstuk 6 
In dit hoofdstuk wordt het ontwerp beschreven van een RCT om het effect en de 
kosteneffectiviteit van de Coach2Move strategie te evalueren. Er is een pragmatische 
RCT ontworpen die is uitgevoerd in 13 fysiotherapiepraktijken verspreid over 
Nederland. Binnen elke praktijk werd een geriatriefysiotherapeut geschoold in de 
uitvoering van de Coach2Move strategie waarna deze geriatriefysiotherapeut 
behandeling conform de Coach2Move strategie heeft uitgevoerd. Een algemeen 
fysiotherapeut, werkzaam binnen dezelfde praktijk, paste reguliere fysiotherapie toe 
waardoor randomisatie binnen de praktijk op het individuele patiëntniveau plaats kon 
vinden. De studie richtte zich op ouderen van 70 jaar of ouder met 
mobiliteitsproblemen die zich op verwijzing of eigen initiatief aanmeldden bij een 
fysiotherapiepraktijk voor fysiotherapeutische behandeling. Metingen werden 
voorafgaand aan de behandeling, na 3 en na 6 maanden uitgevoerd door 
onderzoeksmedewerkers die niet op de hoogte waren van de groepsindeling. De 
primaire uitkomst was lichamelijke activiteit (totaal en matig intensief) gemeten met 
de LAPAQ. Overige uitkomsten waren: kwetsbaarheid (EFIP), mobiliteit (modified Get 
Up & Go test, loopsnelheid, 6 minuten wandeltest), kwaliteit van leven (SF-36), 
vermoeidheid (NRS vermoeidheid) en ervaren effect (Global Perceived Effect en Patient 
Specifieke Klachten). Zorgkosten werden gemeten met behulp van een vragenlijst op 
verschillende domeinen: eerstelijnszorg, ziekenhuiszorg, verpleeg- en 
verzorgingshuiszorg, thuiszorg, pijnmedicatie en hulpmiddelen. De totale zorgkosten 
werden over zes maanden geaggregeerd. QALYs (Quality Adjusted Life Years) werden 
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berekend op basis van de kwaliteit van leven meting. Zorgkosten en QALYs werden 
gecombineerd door Net Monetary Benefits (NMB) te berekenen op basis waarvan 
kosteneffectiviteit werd bepaald. Statistische analyse vond plaats met behulp van 
mixed model analyses. De totale zorgkosten werden 200 keer gebootstrapt.  
 
Hoofdstuk 7 
In hoofdstuk 7 zijn de resultaten van de RCT gepresenteerd waarvan het design in 
hoofdstuk 6 is beschreven. Na zes maanden hebben we een statistisch significant 
verschil gevonden in matig intensieve lichamelijke activiteit (gemiddeld verschil: 17.9 
minuten per dag, 95% BI 4.0, 34.9, p=0.012) en kwetsbaarheid (gemiddeld verschil: -
0.03, 95% BI: -0.06, -0.00, p=0.027) in het voordeel van de Coach2Move groep. Zowel 
de Coach2Move groep als de groep reguliere fysiotherapie liet een verbetering in 
mobiliteit gerelateerde uitkomsten zoals loopsnelheid en loopafstand zien. De 
Coach2Move groep lijkt beter in staat te zijn om deze toegenomen capaciteiten in te 
zetten om het activiteitenniveau te vergroten en de kwetsbaarheid te verminderen. 
Daarnaast blijkt de groep reguliere fysiotherapie na afloop van de interventie (meestal 
na 3 maanden) weer enigszins achteruit te gaan op de meeste uitkomsten terwijl de 
Coach2Move groep de bereikte resultaten weet te onderhouden of zelfs te verbeteren.  
Ten aanzien van de kosten is er een significante kostenbesparing ten gunste van de 
Coach2Move groep ten opzichte van de groep reguliere fysiotherapie na 6 maanden 
(gemiddeld verschil €849. 95% BI: 1607, 90, p=0.028). Ook de QALYs zijn significant 
hoger in de Coach2Move groep (gemiddeld verschil: 0.02, 95% BI: 0.00, 0.03, p=0.03). 
De NMB analyses laten zien dat de Coach2Move strategie, met een waarschijnlijkheid 
van meer dan 95%, kosteneffectiever is dan reguliere fysiotherapie voor iedere vooraf 
gedefinieerd Willingness to Pay Threshold. Tot slot waren er evenveel valincidenten in 
beide groepen, maar had de groep reguliere fysiotherapie wel vaker te maken met een 
ernstig incident (bezoek eerste hulp, ziekenhuisopname, opname in een verzorgings- of 
verpleeghuis, overlijden).  
Op basis van bovenstaande resultaten concluderen wij dat de Coach2Move strategie een 
effectieve benadering is om lichamelijke activiteit te verbeteren en kwetsbaarheid te 
verminderen bij kwetsbare ouderen met mobiliteitsproblemen. Ook is de Coach2Move 
strategie een kosteneffectieve en veilige benadering.  
 
Hoofdstuk 8 
In het laatste hoofdstuk van dit proefschrift wordt een algehele reflectie op de 
resultaten gegeven en worden aanbevelingen voor toekomstig onderzoek gedaan. Om 
effectieve en efficiënte zorg voor kwetsbare ouderen met complexe problematiek te 
bereiken is een multidisciplinaire aanpak vereist. De resultaten van dit proefschrift 
geven aan dat de geriatriefysiotherapeut een belangrijke rol speelt in het 
multidisciplinaire team rondom de kwetsbare oudere. Toekomstige implementatie-
Managing the decline: physical therapy in frail elderly 
194 
studies zullen expliciet aandacht moeten besteden aan de inbedding van de 
Coach2Move strategie in multidisciplinaire netwerken.  
Dit is de eerste studie die kwetsbaarheid, gemeten op meerdere domeinen, als 
uitkomstmaat in een RCT heeft gebruikt. De gevonden afname van kwetsbaarheid is 
dan ook een belangrijke uitkomst van deze studie. Er moet echter nog nader 
onderzocht worden of het gevonden verschil ook klinisch relevant is. Omdat de afname 
van kwetsbaarheid in onze studie samengaat met een toename in lichamelijke activiteit 
en een afname van zorgkosten, is de verwachting dat het gevonden verschil 
betekenisvol is. Wat betreft lichamelijke activiteit was er een grote variatie tussen de 
patiënten die deel hebben genomen aan deze studie. De lichamelijke activiteit bij 
aanvang was echter gemiddeld relatief hoog. Omdat we lichamelijke activiteit hebben 
gemeten met behulp van een vragenlijst is de hoeveelheid lichamelijke activiteit 
wellicht overschat. Het zou interessant zijn om in toekomstige studies lichamelijke 
activiteit te meten met behulp van objectieve metingen zoals versnellingsmeters.  
Vanwege de toenemende vergrijzing is er grote behoefte aan transities in de 
gezondheidszorg. Gestratificeerde zorg en zorg waarbij de patiënt centraal staat 
worden veelal beschouwd als manieren om efficiënte zorg te kunnen leveren aan de 
groter wordende groep kwetsbare ouderen. Echter, implementatie van deze principes 
blijkt in de praktijk moeilijk en het wetenschappelijke bewijs is inconsistent. De 
Coach2Move strategie laat zien dat gestratificeerde fysiotherapeutische zorg gericht op 
de individuele patiënt uitvoerbaar is bij kwetsbare ouderen met mobiliteitsproblemen 
en kosteneffectief is ten opzichte van reguliere fysiotherapie. Een procesevaluatie die 
we analoog aan de RCT hebben uitgevoerd laat echter zien dat er een aantal punten 
zijn waar in toekomstig onderzoek aandacht aan besteed kan worden. In de eerste 
plaats is het voor succesvolle implementatie noodzakelijk om meer inzicht te krijgen in 
de kennis, vaardigheden en attitude die nodig zijn om de Coach2Move strategie goed 
uit te voeren. Met dit inzicht kan de Coach2Move scholing verder geoptimaliseerd 
worden. Daarnaast zou het erg relevant zijn om de patiëntenprofielen op basis van 
objectieve criteria te definiëren. Om dit te bereiken zal er onderzoek gedaan moeten 
worden naar prognostische profielen en de behandelrespons in specifiek subpopulaties 
van kwetsbare ouderen. Er zou zowel aandacht aan fysieke, als aan psychologische en 
sociale markers besteed moeten worden.  
Tot slot wordt benadrukt dat de resultaten van dit proefschrift niet alleen de basis 
zullen vormen voor een aantal onderzoeksrichtingen, maar ook richting geven aan de 
rol van geriatriefysiotherapeuten in het multidisciplinaire behandelteam rondom de 
kwetsbare oudere met complexe problematiek.  
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Mijn proefschrift is af! Dat klinkt alsof het een enorme opgave was. Het tegendeel is 
waar. Ik heb de afgelopen jaren met erg veel plezier aan dit onderzoek gewerkt. Niet 
in de laatste plaats vanwege de vele fijne mensen die mij op verschillende manieren 
geholpen of gesteund hebben.  
 
Allereerst; Ria. Ik had me geen betere promotor kunnen wensen. Je hebt me vanaf dag 
één overal bij betrokken en me het vertrouwen gegeven waardoor ik mezelf heb 
kunnen ontwikkelen. Je kennis, inzichten en enorme enthousiasme en gedrevenheid 
zijn voor mij een voorbeeld. Ook je persoonlijke interesse en betrokkenheid heb ik 
altijd als erg prettig ervaren. Bedankt voor alles! Marcel, je hebt me keer op keer 
verbaasd met je snelle reactie op alle stukken die in de loop van de jaren voorbij zijn 
gekomen. Bedankt voor je kritische blik en waardevolle inbreng. Bart, je was er altijd 
om alles weer een beetje in perspectief te zien en met praktische oplossingen te 
komen. Ook je methodologische kennis heeft me vaak geholpen. Philip, iets later 
aangesloten, maar je adviezen en feedback hebben me zeker verder geholpen. Dank! 
 
Dank ook aan alle mede-auteurs van mijn artikelen. In het bijzonder Eddy Adang, 
bedankt voor de hulp bij de kosteneffectiviteitsanalyse en Reinier Akkermans voor alle 
statistische wijsheid. Dorine van Ravensberg: je hebt niet alleen meegeschreven aan 
een aantal artikelen, maar je was ook zeer betrokken bij mij als persoon: bedankt voor 
alles! Hans Hobbelen; we blijven elkaar tegenkomen (of opzoeken?) en altijd is de 
samenwerking goed. Bedankt voor je altijd grote inzet en de fijne, vanzelfsprekende 
manier van samenwerken.  
 
Ik wil alle leden van de klankbordgroep, fysiotherapeuten en patiënten die op enige 
manier aan dit onderzoek hebben bijgedragen bedanken. Jullie waren onmisbaar! In 
het bijzonder Willemijn Hugenholtz, Mirije van Zessen (Procare Fysiotherapie, 
Gorinchem), Ronald van Broekhoven (Van Broekhoven Fysiotherapie, Roosendaal), Inge 
de Jager, Beppie Beck (Fysiotherapie Weurt), Martijn le Rutte, Jessie van Loon (Het 
Centrum Fysiotherapie en Manuele therapie het Centrum te Rijen), Cees van Leent, 
Leendert Tissink (Van Zuilichem/Partners, Oud Gastel), Jacques Hendriks, Johan 
Scheepers (Fysiofitness Nederweert), Marieke van Eekeren, Michelle de Keijzer 
(Stichting tante Louise Vivensis, Bergen op Zoom), Jildis Mustert, Wilbert Razing 
(Fysiotherapie Hatert, Nijmegen), Anne Rikken, Bennie Laesa (Fysiotherapie 
Groesbeek), Saskia Otten, Els Rendering (Centrum in Beweging, Lichtenvoorde), Relinde 
Schroen (fysiotherapie Verberkt, Nederweert), Aart Advocaat, Roberto Stoelwinder, 
Paola Smeeden (Gezondheidscentrum Het Want, Franeker), Janneke Stolte, Hanneke 
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Buitenhuis, Suzan Merkus (Fysio- en Manuele therapie Doorwerth). Dankzij jullie inzet 
en doorzettingsvermogen hebben we Coach2Move uit kunnen voeren en af kunnen 
ronden: een gezamenlijke prestatie!  
 
Dank aan het WCF en ZonMw voor het financieren van dit onderzoek. Dit onderzoek was 
onderdeel van het Designing Optimal Interventions for physical Therapy (DO-IT) 
onderzoeksprogramma van het KNGF. De samenwerking met het KNGF (Karin Heiblom, 
Jesper Knoop), de collega's van de VU Amsterdam (Joost Dekker, Marike van der 
Leeden, Mariette de Rooij), Universiteit van Maastricht (Rob de Bie, Ilse Mesters, 
Emmylou Beekman) en Universiteit Utrecht (Erik Hulzebos, Maarten Werkman) was zeer 
waardevol. Dank voor jullie inbreng en de prettige samenwerking!  
 
Ik wil de NVFG bedanken voor het vertrouwen en de ondersteuning. Marije Lubbers, 
Lotte Kunst, Louis Nijhuis, Laura den Boeft, Hans Hobbelen, Ronald Valk en Bas Verkes, 
bedankt voor het warme welkom in jullie midden.  
 
Elly van Selst: bedankt voor je belangrijke bijdrage aan de Coach2Move pilot en je hulp 
tijdens mijn zwangerschapsverlof. Arjan van de Sant: bedankt voor het uitvoeren van 
de procesanalyse. Dat artikel komt er zeker nog! De collega's van Avans+, met name 
Marc Janssen en Marian Dikhoff, bedankt voor jullie vertrouwen en al het werk dat 
jullie verzetten voor de geriatriefysiotherapie. Dank ook aan iedereen die mij in de 
loop van de jaren een podium heeft gegeven om te vertellen over mijn onderzoek en 
de fysiotherapie in de geriatrie en waarmee in de loop van de jaren een fijne 
samenwerking is ontstaan. En natuurlijk de collega's in Groningen (waar ik nog steeds 
graag kom), Renske van Abbema, Betsy Weening en Mathieu de Greef: bedankt voor de 
fijne samenwerking, onder andere bij het gezamenlijk schrijven van de KNGF 
beweegstandaard voor kwetsbare ouderen.  
 
Hanna van Eijsden en Sandra Bolder. Zonder jullie had ik het Coach2Move onderzoek 
niet uit kunnen voeren. Dankzij jullie kon ik tijdens de uitvoering van de RCT met een 
gerust hart met zwangerschapsverlof. Bedankt voor jullie inzet en flexibiliteit, maar 
vooral ook voor de gezellige samenwerking. Hanna; ik ben heel blij dat jij vandaag 
naast me staat als paranimf: een bevlogen fysiotherapeut met hart voor de oudere 
patiënt. Ik vind het fantastisch om te zien dat jij Coach2Move nu uitdraagt in de 
praktijk! En, misschien toch nog een promotietraject? 
 
In de jaren dat ik bij IQ healthcare heb gewerkt heb ik vele fijne collega's en 
kamergenoten gehad. De oude garde: Emmelyne, Ivonne, Carola, Anouk, Maud en 
Marisol. Met jullie heb ik lief en leed gedeeld. Ondertussen zijn we bijna allemaal 
uitgewaaid, maar ik denk nog met veel plezier terug aan die goede oude tijd op 
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route 114. Betsy, Getty, Myrna en Loes; We hebben veel gevierd. De slingers kwamen 
bij allerlei gelegenheden uit de kast. Ook zonder de slingers was het een genoegen om 
samen een kamer te delen. Bedankt voor de gezelligheid, steun in moeilijke tijden en 
jullie attentheid op verschillende momenten! Rixt en Saskia. Jullie hebben mijn laatste 
loodjes meegemaakt. Bedankt voor jullie openheid en interesse. Saskia: we hebben 
zeker een klik. Ik hoop dat we elkaar niet uit het oog verliezen. Simone; bedankt voor 
je betrokkenheid, zowel privé als werkgerelateerd. Laten we de gezellige lunches er in 
houden! Jolanda, bedankt voor het opmaken van mijn proefschrift en je alertheid bij 
de planning van mijn promotiedatum. Annick, bedankt voor je adequate hulp bij het 
regelen en organiseren van allerlei zaken. Ook dank, aan alle andere IQ collega's die 
vooral in het afgelopen jaar, toen onze dochter ziek werd in de laatste fase van dit 
onderzoek, vaak interesse en betrokkenheid hebben getoond! Dat doet een mens goed.  
 
Graag wil ik de manuscriptcommissie, Prof. dr. A.C.H. Geurts, Prof. dr. W.J.J. 
Assendelft en Prof. dr. J. Dekker, bedanken voor het lezen en beoordelen van mijn 
proefschrift. 
 
Suzanne, we begonnen samen aan het 'op kamers in Groningen' avontuur, ondertussen 
ECHT al weer 15 jaar geleden. Wat hebben we een gezellige tijd gehad en ik profiteer 
nog dagelijks van jouw inbreng in mijn eetpatroon. Ik waardeer het enorm dat jij 
regelmatig het initiatief neemt om af te spreken, ook als ik weer eens overloop van de 
omstandigheden, en zelfs als ik tot 3 x toe op het laatste moment moet afzeggen. 
Danielle, ook wij hebben een hele geschiedenis samen; van warme chocomelk in de 3 
gezusters tot samen zwanger. We zijn beide druk met onze gezinnen, maar gelukkig 
vinden we toch af en toe tijd om even bij te kletsen. Bedankt voor je gezelligheid en 
de herkenning die we altijd weer bij elkaar vinden.  
 
Elvira, we hebben veel gezamenlijke interesses en kunnen heerlijk samen filosoferen. 
Er zijn weinig mensen met wie ik zoveel kan delen over werk, liefde en leven. Maar ook 
samen stappen is geen straf. Na jouw pre-promo en promotiefeest krijg ik zin in een 
vervolg. Een upgrade van Extase naar Hoogstraten?  
 
Dan mijn lieve vriendinnen, chicas van de salsaclub: Angelita, Saara en Ilona. Wat is het 
fijn om jullie als vriendinnen te hebben; ik word zo blij van jullie. Door de afstand en 
drukte van ons allemaal is het contact iets minder frequent, maar zeker niet minder 
waardevol. Onze band blijft! Bedankt voor jullie oprechte interesse en de vele fijne 
avonden (en weekenden) kletsen, dansen en de rest van de wereld even vergeten. En 
die laatste mojito…… 
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Lieve Ilse, onze ontmoeting was meant to be. Vanaf de dag dat ik in Nijmegen kwam 
wonen, ben jij er geweest. We hebben een topjaar gehad toen we samenwoonden aan 
de Lage Markt, maar ook in minder goede tijden sta je naast en achter mij. Wie anders 
dan jij zou er op deze dag als paranimf naast mij kunnen staan? Ik ben heel blij dat we 
ook dit samen kunnen delen.  
 
The Farrouh family. Thank you for your kindness, your support and making me feel very 
welcome in your home and country. Hopefully, we will meet again soon! 
 
Mijn familie in het hoge noorden. Wat een voorrecht om op te groeien in een hechte 
familie. Bedankt voor jullie interesse en betrokkenheid bij alles wat ik doe. Ook op 
afstand missen jullie geen gelegenheid. Bedankt! 
 
Lieve oma. Wat een mooie herinneringen aan de zaterdagen bij jou en opa: hutten 
bouwen en natuurlijk: pannenkoeken eten. Hutten bouwen is er niet meer bij, maar ik 
kom nog graag bij je op bezoek. Nu met mijn eigen kinderen. Helaas kun je er vandaag 
niet bij zijn om te zien wat promoveren nu precies inhoudt. Maar dat maakt ook 
eigenlijk niets uit. Je bent hoe dan ook even trots op al je kinderen, kleinkinderen en 
achterkleinkinderen.  
 
Mijn grote broer, Martijn. Ik ben erg trots op jou en hoe jij je eigen zaak runt. Dat 
doorzettingsvermogen had ik je vroeger niet uit de mouw geschud. Je hebt samen met 
Hetty een prachtig gezin en het is zo leuk om te zien dat onze kinderen zich zo 
verheugen om met Tim en Gijs te spelen. Bedankt voor de gezelligheid en de nodige 
afleiding tijdens onze bezoeken aan het noorden.  
 
Lieve papa en mama. Bedankt voor jullie onvoorwaardelijks liefde en steun. Jullie 
hebben me alle mogelijkheden gegeven om mijn eigen weg te zoeken. Hoewel jullie 
het niet altijd eens zijn met mijn keuzes, staan jullie wel altijd voor 100% achter mij; 
in woorden en daden. Dat waardeer en bewonder ik enorm. Ik weet dat jullie erg trots 
op mij zijn. Dat ben ik ook op jullie. Jullie zijn fantastische ouders en grootouders. Het 
is heerlijk om regelmatig in het weekend letterlijk en figuurlijk bij jullie thuis te 
komen.  
 
Lieve Nour en Zeb. Zonder jullie is ons gezin niet compleet. Ik heb er grote 
bewondering voor hoe jullie telkens met allerlei veranderingen om weten te gaan. Het 
is prachtig om te zien hoe jullie je ontwikkelen en ik ben blij dat ik daar deel van uit 
mag maken. Ondertussen hebben we al heel wat herinneringen opgebouwd. Hopelijk 
komen daar nog vele mooie herinneringen bij.  
 
 Dankwoord 
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Ik kan niet beschrijven hoe trots ik op jou ben, Naila! Je doet alles op je eigen manier: 
eerst praten, dan lopen, dan kruipen. Je was het afgelopen jaar erg ziek, maar je hebt 
je niet uit het veld laten slaan. Wat een veerkracht! Onze toch al sterke band is nog 
sterker geworden. Ik hoop dat je altijd die lieve, slimme en dappere meid mag blijven.  
 
Mijn kleine mannetje; Iyaad. Je hebt het heel moeilijk gehad met alle ziekenhuis 
opnames van je zus (en daarmee ook afwezigheid van mama). Het is heerlijk om te zien 
hoe je nu weer opleeft en weer vertrouwen krijgt in ons als gezin. Jouw prachtige lach 
en jouw knuffeltjes en kusjes maken iedere dag tot een feest. Je bent mama's 'jieve 
tote tent' . 
 
Lieve Mido, je hebt mijn leven op zo veel manieren verrijkt. Bedankt voor je hulp, 
steun en liefde. Na het afgelopen jaar kunnen we samen alles aan. We gaan nu weer 
een nieuwe fase tegemoet waarin we hopelijk lekker kunnen genieten van ons gezin.  
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Curriculum Vitae 
 
Nienke de Vries werd geboren op 15 juli 1981 in Emmen. Zij behaalde haar VWO 
diploma in 1999 en studeerde vervolgens van 1999-2003 bewegingswetenschappen aan 
de Rijksuniversiteit Groningen. Na deze studie te hebben voltooid, volgde ze van 2003-
2006 de verkorte opleiding fysiotherapie aan de Hanzehogeschool Groningen. Tijdens 
haar studententijd heeft Nienke daarnaast vele cursussen op het gebied van fitness en 
bewegen op muziek gevolgd (aerobics, steps, pilates, spinning). 
 
Direct na het afstuderen als fysiotherapeut in 2006, is Nienke in 'Fysiotherapiepraktijk 
Medisport' te Zwolle gaan werken waar ze diverse functies, onder andere als 
fysiotherapeut, kwaliteitscoördinator en instructrice van groepslessen, combineerde. 
Van 2007-2008 werkte Nienke bij 'Fysiotherapie Ommen' als fysiotherapeut en 
bedrijfsleider van de sportschool die verbonden was aan deze praktijk.  
 
In 2008 begon Nienke aan haar promotietraject bij de afdeling IQ healthcare van het 
Radboudumc in Nijmegen met als onderwerp 'fysiotherapie bij kwetsbare ouderen'. Dit 
deed zij tot 2011 in combinatie met een parttime functie als fysiotherapeute bij 
'Fysiotherapie De Weezenhof' in Nijmegen en als instructrice van groepslessen bij het 
Universitair Sportcentrum in Nijmegen. Gedurende haar promotietraject heeft Nienke 
voor diverse onderwijsinstellingen gastcolleges verzorgd, waaronder de Hogeschool 
Utrecht, Hogeschool Leiden en het Nederlands Paramedisch instituut. Vanaf 2012 is ze 
als docente bij de Master opleiding geriatriefysiotherapie van Avans+ in Breda 
betrokken en sinds 2014 is ze bestuurslid bij de Nederlandse Vereniging voor 
Fysiotherapie in de Geriatrie (NVFG).  
 
Op dit moment werkt Nienke als postdoctoraal onderzoeker bij de afdeling neurologie 
(Parkinson Centrum Nijmegen) van het Radboudumc in Nijmegen.  
 
Nienke is getrouwd met Mido. Samen hebben ze twee kinderen: Naila (2011) en Iyaad 
(2012).  
 

